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ABSTRACT OF THESIS
The aim is to provide architects and specialist advisors associated
with the design of health centres and hospital outpatient
departments, with a comprehensive and reliable method for the
determination of the degree of speech privacy provided in any
given set of circumstances. A precise method of prediction is
essential when relatively lightweight industrialized components are
employed, or where composite partitions are used.
The first part of the study consisted of a critical re-appraisal of
previous methods of prediction, coupled with preliminary experiments
in the field. This was followed by more precise laboratory
experiments to establish specific criteria, for sound insulation in
relation to background noise, relevant to both consulting rooms and
waiting areas.
Two health centres and the outpatients department of a general
hospital, all new buildings, were used for detailed experimental case
studies. The latter were carried out to obtain data relating to
background noise levels and also, sound insulation characteristics
of a special form of metal-faced plasterboard partition. The
performance of this partition is compared with that of ordinary
plasterboard fixed to metal studs. In addition, extensive
measurements were undertaken, in a prototype building, of composite
partitions incorporating fire check doors of various weights. The
effect of plenum barriers was similarly studied.
The results of all measurements are interpreted using standard
grading procedures; further deductions are made regarding the
9
magnitude of allowances for flanking transmission and absorption
characteristics of receiving rooms.
The last part deals with the general planning problems relating to
sound isolation in buildings of the type described. A detailed
prediction procedure is set out for use by designers. The potential
of artificially induced masking noise, as a supplement to existing
partitions, was investigated during the course of one of the case
studies. A theoretical technical development of an electronic
system of this type is postulated, in addition to detailed
developments of the partitioning system.
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PREFACE
This research was carried out whilst the author was on secondment
to the Scottish Development Department from the Department
of Architecture of the University of Edinburgh, and was sponsored
in part by the Scottish Home and Health Department. A comprehensive
rebuilding programme for hospitals has been in operation since the
inception of the National Health Service and attention is now being
focussed upon the provision of accommodation for the general
practitioner. The prime function of the health centre and also the
hospital outpatient department is to provide a suitable environment
in which the doctor can consult with and examine his patients.
There is an obvious need for both visual and aural privacy and the
collective experience of the S.D.D. and S.H.1I.D. indicated that of
these two requirements that of aural privacy is the most difficult
to satisfy, particularly if communicating doors are required between
consulting rooms.
The original hope and intention was to undertake a comprehensive
series of laboratory experiments to effect a theoretical re-appraisal
of sound insulation criteria which may be applicable. This would
have formed the nucleus of the research programme and results might
have been correlated with a user survey to establish whether the
predictions made as a result of the laboratory experiments were
valid. As the work progressed however circumstances brought about
a radical change of emphasis. It became clear that not only was there
a lack of specific criteria on insulation standards but also that the
information available as a base for decision making was either
11
inaccurate or prone to misinterpretation. The need to bridge the
gap between building scientist and architect became of prime
importance.
The Rothschild report1 was produced at the same time that this research
was getting under way, and also influenced this redirection from a
more theoretical approach to one which was capable of direct
implementation. In a situation of this kind the question of speed of
feedback is crucial, the essential thing being to acknowledge that
the interim research findings must be fed into the development
programme as quickly as possible before all major decisions are taken
with regard to the buildings forming the bulk of the programme. To
pursue the alternative course usually means that the results of the
research, however sophisticated, arrive too late to have any
appreciable influence. This must of course apply to all applied
research and is concordant with the spirit if not the words of the
Rothschild report.
Whilst many health centres and associated buildings are of traditional
construction there is an increasing tendency towards the use of more
industrialized methods to accelerate the rate of completion. The most
widely adopted system in Scotland is that initially evolved by the
Consortium of Local Authorities Special Programme (CLASP) in
2
Nottinghamshire. An initial feedback resulting from the first stages
of the research findings to the use of this and similar forms of
construction suggested that there was an urgent need for more
information as to the way in which the CLASP system performed in the
field. A subtantial part of the study was therefore redirected to
this end, with the result that the time spent on laboratory work was
proportionally reduced. Nevertheless, although many limits were
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imposed by these practical considerations many benefits also accrued.
Money and resources became available to enable modifications to be
made to what were in effect prototype buildings during the final
stages of completion; the efficacy of remedial measures could be
established under more or less controlled conditions.
The need to bridge the gap between architects and scientists has
already been mentioned. The corollary is that research findings in
this field must be presented in a form suitable for assimilation
by both. A glossary of terms is included for the benefit of the
reader who is not scientifically orientated but this may of course
be redundant for those who are. On the other hand some of the
definitions provided in relation to architectural terminology and
specifications may be useful to the scientist or technician. Similar
considerations also apply to many of the statements in the main text.
The author gratefully acknowledges the support, financial or otherwise,
given by the S.D.D., the S.H.H.D. and the Western General Hospital
Board, the advice and encouragement from Professor Sir Robert
Matthew, Mr. Bruce Beckett, Chief Architect to the S.D.D., Professor
Guy Oddie, Head of the Department of Architecture, University of
Edinburgh, Professor Peter Lord, Department of Pure and Applied
Acoustics, University of Salford and Miss Justin Blanco-White, the
Superintending Architect responsible for the administration of the
research contract. Dr. Don McCreadie of the S.H.H.D. and Charles Hope,
Dr. John Gibbons, Kate Sharpe and Alistair Jack of the S.D.D.
provided many helpful comments during the course of the work, the
last also being responsible for the preparation of detailed drawings
and specifications essential for the Paisley experiments. John Evans
of the Hospital Board helped with the supervision of the actual
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construction work at Paisley and David Parker as Senior Technician




If a satisfactory aural environment is to be achieved criteria
must be established to deal with various aspects. The function of
each room can be examined to determine both the level and
nature of sounds generated within it and the noise sensitivity of
occupants. A limit is then selected with a view to keeping the
general ambient noise from interfering unduly with speech. In addition,
an adequate amount of insulation will be required between rooms, to
provide speech privacy and to ensure that noises of an intermittent
character do not become too distracting, particularly when
concentration is called for. An optimum range of conditions is
thereby indicated; the sound insulation required depends not only
upon the level and character of speech in the adjacent room (which
itself may relate to the ambient noise in that room), but also
upon the ratio of the speech level coming through the partition to
the ambient level in the receiving room.
Substantial variations in speech level can occur depending upon
the individuals involved in the consultation. If a patient is
discussing something of a particularly confidential nature he may
instinctively lower his voice. At the other extreme a deaf patient
can cause the doctor to shout, or at least raise his voice to a very
loud level. Similarly such factors as sex of speaker, rate of speech
and accent affect the degree of comprehension of the listener.
1.2 Major aspects and constraints: the design problem.
From the architect's viewpoint the problem could be easily solved, if
15
there were no financial or other constraints, by selecting a
construction of very heavy traditional material and thereby
providing a reasonable safety margin. Usually however, numerous
other complications arise to confuse the decision making process.
Several studies have been carried out which deal with the overall
planning and detailed functional requirements of health centres and
hospital outpatient departments. Reference to these indicates that
in England the health centre tends to be smaller with consulting
room layouts similar to those used for the more traditional group
. 3>4
practice. In Scotland the trend has been toward the creation of
larger centres containing more extensive facilities. In these larger
buildings intercommunicating doors are provided between consulting
rooms, designed to encourage the use of suites of rooms by visiting
specialists for clinics and similar activities. A decision must then
be taken whether to provide double doors (which may be inconvenient),
or alternatively to use a special form of single door.
Similar complications arise from the use of lightweight industrialized
building systems, especially if suspended ceilings and plenum spaces
are designed to accommodate services. This is a common practice. In
such cases consideration must be given not only as to whether the basic
partition is adequate, but also to the necessity for incorporating a
plenum barrier or upgrading the suspended ceiling.
A loss of speech privacy may be found in buildings of either lightweight
industrialized or traditional heavy masonry construction, with or
without communicating doors, suggesting that a need exists to provide
architects and others associated with design policy, with a comprehensive,
reliable and easily used method for evaluating and integrating the
numerous variables involved. Many methods have been postulated dealing
16
with this type of acoustic problem and, data exists for a wide
range of constructions. Upon close examination however some essential
step or item of information is lacking. Some methods emphasise the
importance of the general noise climate and suggest how the
insulation requirements can be determined if the noise climate is
known, but fail to provide any means by which the latter may be
predicted. Others omit such significant factors as flanking
transmission. In many instances data is obsolete or the test
conditions are not explicit and the architect does not know which
correction factors to apply. Numerous research papers exist
which treat specific aspects in great detail, but the practitioner
has neither the time nor the expertize to extract and integrate
the relevant information.
In broad terms the analytical approach may be structured thus
Firstly, suitable criteria must be established to describe
the degree of insulation required and the limits to background
noise in all major areas of the building; secondly, reliable
data relating to both the ambient noise and to the form of
construction under consideration must be assembled; and
finally, a method must be selected to enable the designer to
comprehend the factors involved, to assess the magnitude and
variability of each, to understand the complex interactions
and, to arrive at a final decision.
1.3 Existing standards and methods of prediction.
Recommendations regarding a performance standard for sound insulation
between the doctors' surgeries are contained in British Standard
17
Code of Practice CP3 Chapter III (1972) which states
Apart from the general problem of disturbance from outdoor
noise a common problem in doctors' surgeries is the transmission
of sound between the consulting room and the waiting room. To
ensure privacy a sound reduction between the rooms of 45 dB
should be provided if possible (e.g. 112.5 mm brick wall,
plastered) and certainly not less than 40 dB (e.g. 75 mm clinker
block wall, plastered). If the rooms are directly connected by
a single communicating door it will not be possible to
achieve those levels of insulation. To obtain 40 - 45 dB
insulation between communicating rooms it is necessary to
provide two doors separated by an airspace such as a lobby
or corridor.
This standard and the position regarding surgeries in general were
6
discussed by Allen in a symposium held in 1961;
It is not so necessary to satisfy personal feelings as to
avoid some specific fault such as revealing intelligible
information, or preventing possibly troublesome interference.
A doctor's surgery is an instance of the former and, despite
the fact that as a building type it is scarcely prominent, it
has been a very common cause of noise complaints. A medical
discussion with a patient should not be intelligible either
in the corridor outside his office or in the waiting room
or ante-rooms, and for this purpose an insulation of 45 dB is
recommended and 40 dB is said to be the minimum acceptable.
A considerable number of complaints have been received at the
Building Research Station over many years and form the
background to the standard. Recommended treatments often
appear successful, but field measurements are again lacking.
The same British Standard also draws attention to the importance
of ambient noise in assessing the degree of sound insulation
required in any given set of circumstances
Background noise and masking. Background noise is the more or
less continuous noise present due to internal activities or
to unavoidable but familiar intruding noise such as traffic
noise. The effect is to mask other sounds. Very often of
course the masking noise interferes with the communication of
speech or music and is a nuisance, but there are also times
when the insulation of particular noises is desired and then
the partial masking of those noises by accepted background
18
noise is an advantage. The background noise in effect adds
to the insulation by raising the threshold at which the
unwanted noise begins to be heard or noticed.
The practical effect of masking background noise is quite
important. For instance, less insulation between rooms will
suffice in town buildings subjected to continuous traffic
noise than in quiet country buildings. But it must be borne
in mind that if the traffic noise were to be excluded from
the town buildings, say by putting in double windows, then
the occupant would at once become more sensitive to internal
noise, the same conditions being obtained as in the country
building. The actual allowance that can be made for the
masking effect of background noise must actually be a matter
of experience so far as general problems are concerned.
Although BS CP3 does not give specific information as to the effect
of background noise some textbooks dealing with building acoustics
provide nomograms or tables which account for masking. Recommendations
7
for masking noise levels in hospitals are made by Rowlands et al,
following extensive field measurements. Two of the more recent
8,9
textbooks draw attention to a detailed method based upon 1/3 octave
10
band analysis originally proposed by Cavanaugh et al in the U.S.A.
and a single number rating system derived from their work by Young!1
1•4 Preliminary visits to existing health centres.
In the preliminary stages of this research, steps were taken to
corroborate the standards and predictive methods described in previous
paragraphs. Several new health centres had been completed in Scotland
(of traditional construction) and acoustic problems were being
12
raised by occupants. Visits were paid to these buildings, together
with a number in England of both traditional and non-traditional
13
construction. The purpose of the visits was twofold; firstly, to
discover how widespread was the dissatisfaction with regard to insulation
and secondly, to contact the administrative officers of the buildings
14
concerned. The ultimate object was to gain their co-operation in
19
carrying out a survey to establish the responses of doctors and
patients to their acoustic environment. Discussions with the latter
were avoided so as not to contaminate results of future surveys.
The administrative officers, by the nature of their job, were fully
aware of any comments already put forward by the occupants of the
buildings.
Some of the points raised in these discussions are referred to in
Chapter VII. One salient point which emerged and which is relevant
in the present context, is that although the CLASP Mk 4B system
was used in three of the health centres there was no obvious
dissatisfaction with sound insulation in these buildings. (The
exception, which was noted in only one location, appeared to be
due to flanking transmission through ventilation ducts.) This
general conclusion was surprising, as the average airborne sound
insulation of the CLASP Mk 4B system was believed to be
15
substantially below the 40 dB minimum of BS C.P3.
1.5 Field trials.
To gain further insight field trials were set up in two locations.
The first of these was held in the new outpatients department at
16
Falkirk Royal Infirmary during the final stages of completion.
The partitions between consulting rooms incorporated very heavy
flush doors fitted with double Neoprene seals, in a standard form
of plasterboard partition. The airborne sound insulation for
this configuration had been measured at 31.7 dB with an Insulation
Index of 36 dB (for further details see test series C, Chapter IV).
The experimental procedure adopted for these trials was as follows
20
A tape recorder, amplifier and loudspeaker were placed in the
consulting room and the three subjects (an architect, a senior
executive doctor and a senior executive nurse,all with considerable
experience in outpatient department design), were asked to listen
to a tape recording (standard dictation tape, 120 words per minute,
17
male speaker) and agree a reference voice level. This was
subsequently measured at several points and averaged 59 dBA. The
subjects were then asked to move into the adjacent consulting room
and given the form shown in Fig 1.1. They were asked to judge the
degree of sound insulation for each experimental condition and
mark the appropriate box. The semantic categories used were
. . 18
similar to those originally adopted by Cavanaugh et al.
The simulation was carried out by previously calibrating the
amplifier gain control as shown in Table 1.1 to reproduce various
conditions in steps; these conditions were distributed around the
standard one i.e. that which actually existed. The reproduction
could only approximate as the shape of the insulation spectrum
could not be varied but was dictated by the composite spectrum of
the reference partition and door. Conditions 1-4 were judged
against the natural ambient noise level measured at the beginning
and end of the experiment at 26 dBA (L^q)• In conditions 5 & 6
artificial ambient noise was introduced using the spectrum of
Fig 1.2, without informing the subjects, the source being
prerecorded on channel two of the tape recorder and played back
through two small speakers concealed behind the window curtains.
These artificial ambient levels were set at 42.5 and 47.5 dBA
respectively.
21
Responses. - Level of satisfaction with condition of speech privacy.












Location of trial ; Dumbarton Health Centre.
Name of Respondee : A.N. Other.
Response set no: 2 Date 18.1.73





































































TABLE 1.1. PROCEDURE FOR SIMULATION OF VARIOUS SOUND INSULATION
CONDITIONS AT DUMBARTON HEALTH.CENTRE. 18.1.73.
N.B. All tests carried out with windows closed.
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The second and third trials were held in the new health centre
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at Dumbarton, again prior to completion. The form of the
experiment was similar to the one held at Falkirk except that the
actual reference insulation condition was different (in this case
a CLASP 4B partition, fitted with double doors), the average
insulation being 37.1 dB (Insulation Index R' - 42 dB). Two
reference speech levels were used, namely 59 dBA (normal voice) and
64 dBA (raised voice). Five subjects took part (four architects,
all with wide experience in buildings of this type and one clerk
of works). Ambient noise measured before and after the test
sequence was 36 dBA (L^) . The total number of test categories was
increased to five for natural ambient noise and four for artificial
masking noise.
Linear regression lines for the three trials are shown in
Figs 1.3a, 1.3b and 1.3c.
The regression analysis of the Falkirk trials shows that the mean
Satisfaction level is reached when 31.6 dB of insulation is provided.
(The equivalent Insulation Index la is 36.) The regression line
cuts the mean Very Satisfied criterion level at 34.7 dB (la rating
39). The product moment correlation coefficient (r) is 0.87 and
the standard error 0.047.
A similar analysis of the first of the Dumbarton trials yields a
mean Satisfaction level of 34.0 dB (la rating 38). In this instance
the correlation coefficient is 0.89 and the standard error 0.023.
Equivalent values for the second trial in the same building are:-
mean Satisfaction level 41.9 dB (la rating 46), correlation
coefficient 0.77, standard error 0.032.
25
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Very satisfied. Satisfied. Mildly dissatisfied. Moderately dissatisfied. Strongly dissatisfied.
The simulated conditions which incorporated artificial masking
noise have not been subjected to regression analysis due to the
small sample presented to subjects. The responses suggest however
that whereas the 42 dBA masking level helps to restore speech
privacy and is acceptable to most subjects the 47 dBA level is
20
rejected by the majority.
1.6 Comparison of field trials and existing predictive methods.
It is also interesting to compare the results of these pilot
21
experiments with the prediction following from Young's method
for the two buildings in question. In his analysis the following
formula is used:-
X = S + P + F- (I + K + N)
where X = sound excess.
S = average sound pressure level of speech in the
source room (take 60 dB for conversational voice,
66 dB for a raised voice and 72 dB for a loud
voice).
P = degree of privacy required (take 15 for confidential
privacy or 9 for normal privacy).
F = correction factor for size and absorption of
source room (obtained from graph Fig 1.4a).
I = sound transmission class rating.
K = factor allowing for variations in relative size of
common wall and listening room and also for
furnishings of listening room (see Fig 1.4b).
N = background noise level in listening room in dBA
(if background levels have been specified as NC
numbers convert to dBA equivalent by adding 5).
29
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Analyses were made before carrying out the various trials which
yielded the following values for X.
Falkirk X = 60+15+5 -(36 +2+26) = 16
Dumbarton X = 60+15+5 -(42 + 1.5 + 36) = -0.5
By reference to Fig 1.4 it may be seen that the prediction by
Young's method for Falkirk lies between strong and extreme
dissatisfaction, whereas at Dumbarton the prediction is satisfaction.
By comparison the results of trials (Figs 1.3a, b and c) show that
the reference insulation at Falkirk of 31.7 dB is associated with
satisfaction by the regression analysis line A. At Dumbarton the
reference insulation of 37.1 dB is associated with the zone
(satisfactory/very satisfactory) by regression line B. The forgoing
comparisons apply to normal speech levels. Raising the voice level
by 5 dB places the regression line for trial no. 3 just within the
zone (mildly dissatisfied).
Similar discrepancies were observed by comparison with predictions
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following the method due to Cavanaugh et al, upon which Young s
method is based. This suggests that a critical re-appraisal of such
predictive methods is called for, particularly in view of the
widespread acceptance which they have gained.
There are a number of possible explanations for the disparities
which have been identified in preceding paragraphs. The ambient
noise level may be raised from 26 to 35 dBA by the presence of
several occupants in a room, or indeed by one occupant, even though
an attempt was made during the experiments to keep self generated
noises to a minimum. Thus an inverse linear relationship may exist
31
between insulation and masking noise over a limited range of
values but could be curvilinear, particularly at the lower ambient
noise levels. The subjects used for the trials may not be
representative of the population as a whole; alternatively the
locations used for the survey quoted by Cavanaugh et al may not be
23
representative of consulting room conditions. Probably the most
significant explanation of the discrepancies may be that the speech
privacy factor (P) is too conservative, bearing in mind the overall
compromise which the architect must make.
1.7 Scope of the present research.
Nevertheless, Young's method and the original research of Cavanaugh
et al, represent a valuable contribution to the field under review.
The former, because it is based upon a single number index in
current usage, is a particularly useful tool for architects. Apart
from the doubts raised by the field trials however the following
deficiencies must also be noted because they indicate the general
lines along which the predictive method of Chapter VI has been
developed. Young's method does not:-
a Give specific guidance as to the relationship between
laboratory and field data, particularly with regard to
flanking transmission.
b Evaluate the relationship between voice level and ambient
level.
c Take into account shielding effects due to building
configurations and extraneous obstacles.
d Describe how dBA levels may be measured or estimated.
32
e Deal with special conditions, e.g. partitions containing
doors.
In the early stages an attempt was made to work with predictive
methods in parallel, based upon a single number index and 1/3
octave analysis. Subsequently the second method was discarded as it
did not appear to promise a significant increase in the accuracy of
prediction. Moreover the task of the designer using the method was
increased enormously because of the necessity for obtaining 1/3
octave data as an input. A method of this degree of complexity
would seem to call for the use of computor facilities with all
relevant 1/3 octave data stored in the computor memory bank, or
alternatively on punched cards or paper tape. As a research tool
this may be desirable but it would not, at the present stage of
office practice, meet the needs of the architect.
Once a decision was taken to concentrate upon a single number index
system the question arose as to the best index to use. Previous work
had shown that measurements based upon the dBA unit correlated well
with equivalent indices such as speech interference level, loudness
24,25,26
level and noise rating curves. The dBA was adopted by the
27
Wilson Committee in 1963 and has been consistently used by the
National Physical Laboratory and the Building Research Establishment
during the last decade for noise climate analysis. The overriding
consideration was therefore, that most of the data for background
noise accumulated over recent years has been determined by
analysing the A-weighted level, at intervals over a given period of
time and carrying out a cumulative count to ascertain the L^,
and levels.
33
For the present the dBA level has generally been adopted in
this country to express the limit for traffic noise in relation to
buildings. Ultimately this may be replaced by an alternative
28
single number system such as the Traffic Noise or Noise Pollution
29
....
Index. In this event there should be no difficulty m applying
any such system to the predictive method of Chapter VI.
34
II CRITERIA FOR AMBIENT NOISE AND SOUND INSULATION.
2.1 General.
The empirical nature of the speech privacy criterion of BS CP3
Ch III is self-evident. It can also be shown that sound insulation
grading curves in general use in Europe and the U.S.A. are
30,31,32
similarly based. The procedure which is used to arrive at these
national standards involves large scale surveys to determine the
reactions of the occupants of buildings. The results of these
surveys are then matched with measurements of the various
constructions employed. The grading curves which result from this
method of formulating standards inevitably resemble the measured
sound insulation curves for the construction in most general use.
When a radically new system of construction is involved, in a
context alien to that for which it was originally designed, the
previously described method of establishing a criterion may not be
the most suitable; particularly when the system of construction has
been evolved or selected to produce the maximum number of buildings
within a limited time span i.e., within the constraints of a
relatively short term but large scale building programme. It has
already been explained in the preface that these were the
circumstances which surrounded the present study.
A method was therefore required to rapidly establish a specific
insulation criterion curve for consulting rooms in various locations
and to assess the performance of the metal faced partition against
this criterion. Medical ethics precluded measurements of actual
consultations, to determine factors such as speech levels, speech
35
rates and noise generated within the consulting room.
The use of electronic simulation techniques had been shown to be
33
valid by the work of Cavanaugh et al and also by earlier research.
It was decided therefore to adopt this approach to establish the
criterion curve which would relate insulation requirements to ambient
noise levels, both for consulting rooms and waiting areas.
One sub-group (subject nos 1, 2, 3, 7, 8, 10, 12 and 14) used in the
laboratory experiments was drawn from the various central government
departments involved in decision making in relation to health
centres and outpatient departments. The other sub-group (subject
nos 4, 5, 6, 9, 11, 13 and 15), which comprised general practitioners
and laymen, represented the potential building occupants.
2.2 Recommended maximum levels for ambient noise.
Preliminary discussions with S.H.H.D. advisors, and administrative
officers of the health centres visited, suggested that the
background noise limits for consulting rooms should be similar to
those for small executive offices of a more general character.
Special functions, such as the use of the stethoscope and prelimin¬
ary hearing tests (not exacting audiometric tests), did not call
for specific criteria, providing that the general noise level was
such that the telephone could be used with a reasonable degree of
intelligibility. The suggested limit for ambient noise, based
upon the speech interference concept, is 42 dBA; such a level
would not interfere unduly with either telephone or stethoscope, or
with quiet conversations between doctor and patient. Higher levels,
up to 50 dBA, may be tolerated for the limited period that the
room is in use by a doctor during a consulting session. Such levels
36
are undesirable for longer periods of executive work or concentrated
study and may at times interfere with the use of both telephone and
stethoscope. (Background noise may of course be expressed in
alternative criteria such as Noise Criterion, Noise Rating,
Preferred Noise Criterion or Background Noise Level curves, in
addition to such units as Traffic Noise Index or Noise Pollution
Level.)
The proposed 42 dBA ambient noise criterion applies to road traffic
noise and relatively steady-state noise components which blend to
form the background noise climate. It does not apply to intermittent
sources such as jet aircraft with noise spectra which need special
consideration. Ventilation fans and air conditioning equipment may
also require special attention if they generate relatively high
levels at discrete frequencies. In these latter cases spectrum
analysis is essential, plotted in relation to noise rating curves.
Previous research had indicated that the lower limit of background
noise in consulting rooms was unlikely to be less than 30 dBA (L^q).
At the other extreme the probable limit in waiting areas is 50 dBA
(see Chapter III). The range of ambient noise for the laboratory
simulations was therefore taken as 30 - 50 dBA. This range
compares with that of approximately NC 25 - 35 (34 - 42 dBA) used
34
in previous experiments by Cavanaugh et al.
2. 3 Speech variables.
In order to predict the degree of privacy between rooms the
following factors must be taken into account:-
a) Speech levels generated in the adjacent room and the
37
relative importance of the various speech components.
b) Noise reduction characteristics of the partition,
including for such effects as flanking transmission.
c) Masking effect of the ambient noise in the receiving
room.
d) Aural acuity and level of awareness of the listener.
The average conversational speech level depends not only upon the
vocal power and inflection of the speaker but also the volume and
sound absorption characteristics of the room. It is also generally
accepted that it depends upon the ambient noise, if the latter is
35
at a fairly high level. One question, to be answered by the
laboratory experiments, was whether the voice level is influenced
by the relatively low ambient levels required for the consulting
room, even if such levels do not directly affect speech articulation
between doctor and patient.
Various predictive methods, based upon speech articulation theory,
assume that the normal voice level is approximately 60 dBA in the
source room and is independent of ambient noise; such a level may
not necessarily be the norm for consulting rooms. The same methods
also assume that the shape of the speech envelope is unaffected by
the variations of total room absorption in relation to frequency.
It is also suggested that adjustments may be made to the 60 dBA
reference speech level for a) raised voice (65 - 66 dBA) and b) very
loud voice (70 - 72 dBA). At least one source indicates that the
36
female reference voice may be 5 dBA lower than the male equivalent.
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The nomograms of Figs 2.1a and 2.1b show the variations which may
occur in both average level and dynamic range (with respect to
frequency) in a small room containing approximately 10m2/sabins
of total absorption. Fig 2.1a is the predictive nomogram of
. . . 37,38
Cavanaugh et al and 2.1b is a similar one proposed by Bains.
Other speech variables follow from the emotional state of the
speaker. Change in speech rate and spectral characteristics have
39
been examined by Wilson and Stevens. They quote mean syllable
articulation rates of 1.91, 3.80, 4.15 and 4.31 for the corresponding
emotional states of sorrow, fear, anger and neutral. Assuming a
constant ratio of 1.8 syllables per word the equivalent word
articulation rates are 64, 128, 140 and 145 words/minute. All of
these statistics are for male voice and do not necessarily apply to
female speakers. The speech rate quoted by Cavanaugh et al for their
experiments was standardized at 100 words/minute.
One critical aspect of the articulation theory is that the
syllable articulation rate is determined by listening tests, using
random syllables and the degree of word or sentence comprehension
follows from the relationship postulated in Fig 2.2. Serious
discrepancies can occur during this transformation due to the
critical shape of the curve, particularly in the 0 - 30% syllable
40
...
articulation range. A speech privacy criterion must inevitably fall
.41
within this critical region.
2.4 Form of laboratory experiments.
The form of the laboratory experiment was determined by the various
42
factors described in previous paragraphs. The type of subject used
was unable to spend more than about two hours at a time in the
39
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laboratory. This meant that the duration of each experimental run
was critical, suggesting a multivariate structure for the
experimental sequence.
Speech rate, sex of speaker, age and sex of subject and ambient
noise were treated as grouped factors; voice level and degree of
insulation required became the dependent variables, to be determined
by the subject using the attenuator on the desk at which he was
seated. Speech rate, speech level and sex of speaker were randomized.
The level of ambient noise was not randomized; to do so would have
required rapid adaptive shifts which could be as great as 20 dB,
from the subject. Instead, the change of level between successive
passages was limited to 2 dB and the general ambient level moved
in a wave-like formation over the 20 dB range.
Table 2.1 lists the variables and grouped factors, as incorporated
on the test tape.
The general layout of the room in which the subjects were seated and
the associated control room is shown in Fig 2.3a. This figure also
incorporates a block diagram of the instrumentation. The positions
of speech and noise sources in relation to the subject were apposite
to those for a typical consulting room. The test room was heavily
damped, as is the fully furnished and carpeted consulting room (see
Chapter V, Section 5.4), the reverberation times being shown
relative to frequency in Fig 2.3b.
Speech passages corresponding to the data of table 2.1 were
prerecorded on channel 1 of the tape and the ambient noise on
channel 2. The ambient noise spectrum was shaped to correspond to
43


























































































































































































































































Glazed Screen Acting as Reflector.
r 1
U'l | lNJ
I 1 I ' !
: Ch I
L-F-J















REVERBERATIONTIMECHARACT ISTICSOFOOMUS DF RL B RATORYEXPERIMENTS.
31.5631225050000486 Frequency(Hz) AMBIENTNO SESPECTRUMUS DINEXPERIME TS.
recorder gain controls were set to predetermined playback levels.
All other experimental variables were outwith the control of the
operator thus minimizing errors due to changes in control settings.
The subject was presented with a written set of instructions as in
table 2.2. These required him, in test sequence la, to establish
the 'normal' voice level and in sequences lb, lc and Id, to arrive
at sets of decisions regarding the sound insulation which he
considered just adequate between consulting rooms. The total group
of fifteen subjects completed all test sequences.
The spectrum shaping filter network was switched out for experiments
la and lb. The attenuating spectrum was therefore constant with
frequency. After a period of several weeks the subjects were asked
to return and repeat two further experimental runs for which the
instructions to the subject were identical to those of lb. For
experiment 2a however, the shaping network was switched in,
without informing the subject.
The spectrum slope of the filter network had been previously
calibrated to correspond as closely as possible to the attenuation
slope characteristics of the CLASP Mk 4B partition. The gain of the
filter network was also calibrated so that the mean of the spectrum,
measured in 1/3 octave bands, was constant irrespective of whether
the filter network was switched in or out.
If for any reason the subject felt unable to arrive at a firm
decision during any one speech passage he was able, by pressing a
repeat switch, to request the operator to replay any particular
passage. In actual fact very few repeats were called for. The
background noise level was verified at the beginning and end of
48
EXPERIMENT NO la.
Upon pressing the "Proceed" switch you will hear an announcement
giving a passage number, followed by a short recorded passage.
Use the control box on the desk to adjust the voice level until
it seems at an appropriate level for the consulting room.
Immediately after making your final setting of the controls,
make a note of the setting numbers in the experimental log and
then reset the controls to read 10 dB.
If you are unable to decide on the appropriate level and make
the necessary adjustments before the passage ends, press the
"Repeat" switch. After a short pause the passage will be
repeated.
EXPERIMENT NOS 2a, b & c.
Upon pressing the "Proceed" switch you will hear the same
sequence of recorded passages as before.
Imagine that the speaker is in an adjacent consulting room. The
control box may now be used to establish various degrees of
sound insulation between the speaker and yourself. Adjust the
controls to provide a just adequate degree of insulation.
After arriving at a satisfactory setting, note the numbers in r
the log and reset the controls to 30 dB.
If necessary use the same repeat procedure as in Experiment No 1.
TABLE 2.2 INSTRUCTIONS TO SUBJECTS, PRIOR TO LABORATORY
EXPERIMENTS.
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each experimental session and was typically 20 - 22 dBA. If for
some reason the general ambient level rose above 22 dBA the test
sequence was suspended. This happened on two occasions due to high
external wind noise. Occasionally extraneous noise from the approach
stairway encroached into the 8 - 10 dB margin between the lowest
simulated ambient noise level of 30 dBA, and the actual background
noise levels already quoted. When this occurred the subject waited
until the intruding noise ceased before making a judgement, or if
necessary evoked the 'repeat passage' procedure.
Every experimental run was monitored using a precision sound level
meter with A-weighting network coupled to a graphic level recorder.
The microphone was placed on a stand in close proximity to the
subject and at head level. The resulting traces showed both the
actual ambient level and the dynamic speech range, the latter as
44
adjusted by the subject.
2.5 Results of experiments.
The results of all experiments are summarized in Figs 2.5 - 2.8. In
these graphs the ambient noise level is treated as the major
independent variable.
The dependent variable for experiment la is the normal voice level,
based upon the subjects' experience. The graphs of Fig 2.5 produced
by linear regression analysis, show that under these experimental
conditions the voice level tends to be dependent upon the ambient
noise. The rate of regression varies for each sub-group, as shown by
the graphs.
In experiment lb (Fig 2.6) the dependent variable is insulation
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anticipated the insulation required is only approximately inversely
proportional to ambient noise, 38.6 dB of insulation being required
at 40 dBA ambient level and 30.7 dB at 50 dBA. (Speech reference 55dBA)
In experiment 2a (Fig 2.7) the dependent variable is the insulation
required when the sound insulation characteristics with respect
to frequency are similar to those of the CLASP Mk 4B partition. In
this instance the insulation required is still inversely proportional
to ambient noise but the absolute insulation requirements are reduced
by 6 dB, being 32.6 at 40 dBA and 25.2 at 50 dBA respectively.
In experiment 2b (Fig 2.8) the conclusions are similar to those of
experiment lb, the only significant difference being a shift of
insulation requirements of 0.8 dB. This may be due to experimental
errors or learning effect, the same twenty speech passages being
used throughout all experiments. The most significant result from
this experiment is obtained however, by studying the repeatability
of experiments lb and 2b in terms of the product moment correlation
coefficient. If all readings from experiment lb are correlated
with those of 2b the coefficient of stability is 0.87 which is highly
significant, suggesting that experimental error was minimal.
2.6 Aural acuity of the listener and associated variables.
The major independent variable used in plotting the graphs of
Figs 2.5 - 2.8 was ambient noise level, measured in dBA and with a
spectrum conforming to the noise rating 25 curve (see Fig 2.4).
All other factors which may be considered as independent variables
were grouped for the regression analysis and therefore contribute
to the standard error of estimate. Viewed in this way the standard
error may be used as a predictor of the factor of safety relating
55
to speech variables. It will also include to a certain extent for
variations in aural acuity on the part of the listener.
It should be borne in mind, in using the graphs, that the test
circumstances dictated a high degree of attention on the part of the
subject. The latter was virtually cast in the role of eavesdropper;
conversely he was also expected to establish the degree of
45
protection which he himself would expect.
2.7 Proposed standards of insulation.
In the previous analysis of experimental results (section 2.5) the
dependent variables of speech level and insulation required are
treated separately. In each case the ambient noise level is the
common independent variable.
In Figs 2.9 - 2.12 the composite regression lines shown (integrating
the dependent variables) may be used to predict the actual insulation
required, when the ambient noise level is identical on both sides
of a partition. The dotted line represents the 'least squares'
regression line and the solid line the 95% confidence limit. (The t
ratio has been used to adjust for possible bias between sample and
population means.)
The solid line graphs of Figs 2.10 and 2.12 are embodied in the
predictive method of Chapter VI, converted into intruding speech
46
curves. The complement of four intruding speech curves for
experiments lb and 2a and subjects groups A and B are given in Fig 2.13.
As stated previously this family of curves is only strictly applicable
when the two consulting rooms have noise climates which are dictated
by extraneous noise. In other circumstances, e.g. between consulting
rooms and waiting areas, the slope of the curves will alter as the
56
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two noise climates differ in level.
In practice, the insulation standards indicated by the laboratory
experiments may be considered unduly stringent by some occupants.
The probable extent of this variation in opinions may be estimated
by reference to Fig. 2.14.
In this diagram a regression line and associated confidence limits
are shown, derived from all the responses obtained during the three
field trials described in Chapter I. It will be seen that the upper
limit of the 'Satisfied' category intercepts the lower 90% confidence
limit at 41.6 dB. The lower limit of the same category intercepts the
other confidence limit at 31.4 dB, i.e. approximately 10 dB lower
than the previous value.
This form of analysis suggests the existence of a tolerance zone
which could explain many of the discrepancies in opinion which were
noted during the preliminary visits to health centres. It also appears
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Ill DETERMINING THE NOISE CLIMATE
3.1 General.
The results of experiments reported in the previous chapter support
the general hypothesis that the insulation required to provide speech
privacy is inversely proportional to the ambient noise. The effect
of the ambient noise may be less marked however, between consulting
rooms with identical noise climates, than between consulting rooms
and waiting areas. This is due to the modification of the voice level
by the ambient level.
In the consulting room the masking level will usually be dictated by
traffic noise intruding through the window. If the latter is relatively
small in area the external wall should be regarded as a composite
partition. In waiting areas the internal sources may be more
significant in most locations, although traffic noise through windows
and roof lights can still play an important role.
Noise levels of 45 - 55 dBA are quoted for consulting rooms in the
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outpatient departments of various hospitals by Rowland et al.
Extensive measurements have also been carried out by Orr for diverse
locations in hospitals and associated buildings. Typical levels
classified as satisfactory range from 32 dBA for speech therapy,
35 dBA for a health clinic, 38 to 48 dBA for conference rooms,
44 - 54 for private offices and 58 dBA for an enquiries office
adjacent to a public area. Levels above those quoted tend to be
classified as unsatisfactory by room occupants.
3. 2 Field measurements.
To provide more specific data for background noise levels in
64
consulting rooms and waiting areas, systematic measurements of the
noise climate were undertaken in the two health centres at Woodside
and Dumbarton.
The first complete set of measurements was carried out at Woodside.
As a preliminary, a portable sound level meter was used to take
spot measurements throughout the building during the course of a
typical working day. These indicated that dBA levels for
consulting rooms were of the order of 28 - 37 (34 - 51 dBA with
windows slightly open, depending upon the orientation of the window
facade). Levels in corridors and waiting areas generally ranged
from 40 - 55 (one consulting and examination room suite was in use
as a temporary typing pool; in this case the levels in the adjacent
corridor ranged from 51 - 64). The highest levels, 49 - 64 dBA,
were recorded in the region of the reception desk.
To provide further information about longer term variations a more
permanent system of instrumentation was installed. An omnidirectional
microphone was suspended approximately 3 metres above the second
floor roof level, in a central position, to integrate all external
noise.
In this particular building the individual practice waiting areas
are interconnected forming one large extended area adjacent to the
reception desk (see Fig 3.1).
A second microphone was mounted in this waiting area, again in a
central position and approximately 1 metre below the ground floor
ceiling level. The latter position was sited away from seats, thereby
reducing the possibility of recording conversations at an audible
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sounds forming the background noise in the waiting areas; the
overall effect being to minimize the direct sounds and maximize
the indirect ones.
The output from the microphones was taken via preamplifiers to a
central twin-channel tape recorder, programmed with time switches
to make a 40 second recording in every twelve minutes throughout
the working day. The tape was analysed using a dBA weighting
network and a statistical distribution analyser to establish the
Liq, Lc-q and levels. The results are presented in table 3.1.
A similar set of measurements was obtained in the Dumbarton health
centre. In this instance however the plan form is radically different
from that of Woodside; the individual practice waiting areas are
separated and distributed throughout the building (see Fig 3.2).
Preliminary sound level readings, again using a portable meter,
indicated that although sound levels were of the same order as those
of Woodside, greater variations occurred in different waiting areas.
The procedure adopted therefore was to establish a sampling routine
involving measuring stations distributed throughout the building. A
portable tape recorder was connected to a sound level meter and
deployed at approximately three minute intervals throughout five
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typical working days. The duration of individual recordings was
approximately 90 seconds out of which a 40 second period, as in the
5°
previous case study, was used for the statistical analysis. The
results are presented in Table 3.2.
The third building (Falkirk outpatients department) (Fig 3.3) was
used for the first set of preliminary field trials (Chapter I) and
many of the sound insulation measurements are quoted in subsequent
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possible in this instance, as the building was not occupied. Spot
measurements of the unoccupied building yielded readings for
consulting rooms within the range of 27 to 32 dBA.
3.3 Results of field measurements.
52
The results from tables 3.1 and 3.2 for waiting areas are summarized
and included in the predictive method described in Chapter VI. It is
possible of course that in some waiting areas traffic noise may
raise the levels above those indicated by the table; in such cases
the effect is to increase the factor of safety.
In consulting rooms the traffic noise will usually predominate; an
initial decision has to be made, regarding the extent to which
the external level should be reduced to approach the suggested
optimum zone for internal levels of 30 - 42 dBA. Some form of
calculation is required to predict the insulation of the external
wall as a composite partition; the result of this can then be
utilized in considering the sound insulation required between
consulting rooms.
A spectrum analysis was also made, of tape recordings relating to
53
stations 2 and 2A (Dumbarton health centre), a subjective appraisal
of all the internal recordings having suggested that these may be
considered typical. The results of this analysis are illustrated in
Fig 3.4.
3.4 Electronic masking noise.
Electronically or mechanically produced masking noise has been
widely used to provide speech privacy in open plan offices. A
54
comprehensive design method is provided by Beranek. This solution
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between offices provided by a normal partition.
The original design for the outpatients department at Falkirk
incorporated medium weight flush doors in a standard form of
plasterboard partition. Sound insulation measurements of this
composite partition, were carried out and showed that the overall
insulation (R') was approximately 26 dB. This result, coupled with
the low ambient noise levels of 27 - 32 dBA, as measured in the
empty building suggested that the occupants would be dissatisfied.
Reference to B.S. C.P.3 Ch III, and the application of Young's
method of prediction indicated that the degree of dissatisfaction
could be extreme. On the other hand, the regression analysis of
the field trials indicated only a mild reaction.
Three options appeared to be open if the degree of sound isolation
was to be improved. The first was to upgrade the door and door seals,
the second was to introduce artificial masking noise and the
third was a combination of both.
The first solution was investigated experimentally in several
locations in the building, using a very heavy 1 hour fire door to
B.S. 459 Part 3 1951 with carefully fitted double Neoprene seals.
The effect was to raise the overall insulation of the composite
partition (R') to 30 - 31 dB. The field trials indicated that
occupants' responses to this condition would lie above the Mildly
Dissatisfied and just below the Satisfied criterion levels.
The laboratory experiments showed that the same degree of sound
isolation could have been achieved by artificially raising the ambient
level by approximately 7 dB to 42 dBA, assuming an initial
reference level of 35 dBA for the occupied room. The field trials
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also indicated that this increase would be tolerated by occupants,
although conditions for the use of telephone and stethoscope
would deteriorate.
A cost comparison of the two alternatives showed that whereas the
upgrading of the door construction could be achieved for approximately
20p for every square foot of consulting room area, the cost of the
56 57
electronic masking system was of the order of 57p per square foot.'
The final decision, taken by the S.D.D. architects and S.H.H.D. medical
advisors, was to upgrade the doors. It may be noted that this
solution falls short of the more stringent standards suggested by
the laboratory experiments. The acceptance of this degree of
insulation for an outpatients department, by the medical advisors,
probably reflects the relatively low standards of speech privacy
which have been provided in the past, in this type of building. In
addition, the fact that in the outpatients department the chances
of a patient meeting an acquaintance are slight may have influenced
the decision.
The overall degree of sound isolation resulting from combined use
of very heavy doors and a 42 dBA masking level would still be
7 - 8 dB below the laboratory criterion. Double doors would have
achieved a similar result without affecting the background noise;
the attendant inconvenience to doctors and nurses who may need to
make frequent use of the doors was considered unacceptable.
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IV SOUND INSULATION CHARACTERISTICS OF CLASP METAL-FACED
PLASTERBOARD PARTITIONS.
4.1 General.
The basic reasons underlying the decision to employ the CLASP
system of construction on a large scale, for health centres in
Scotland, have been outlined in the preface. The purpose of this
chapter is to present the results, carried out under both normal
and controlled field conditions, of tests on this metal faced
plasterboard partitioning system.
Although several isolated tests had been carried out previously on
behalf of the Consortium, the conditions for these were not
typical of those found in health centres or hospital outpatient
departments. More comprehensive information was therefore required,
to evaluate the performance on a statistical basis and to provide
supplementary data regarding the effect of composite partitions and
flanking transmission.
The latter was considered of particular importance, as ancillary
elements such as plenum barriers, suspended ceilings and doors
usually combine to establish a limit to performance in the field.
Frequently, the data supplied by the manufacturer or independant
laboratory does not allow for flanking transmission; a similar lack
of detail about methods of construction and standards of
workmanship often means that test results are misinterpreted by the
architect.
The change from imperial to metric dimensions occurred during the
course of this section of the research, associated with the
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transformation from CLASP Mk 4B to Mk 5 details of construction.
The Mk 4B system formed the basis for the initial sample as no
completed Mk 5 buildings existed in Scotland at that time. The
results with regard to the shape of the insulation spectrum were
then used in the laboratory experiments reported in Chapter II. A
small Mk 5 prototype construction erected at Paisley Royal
Infirmary was used to obtain supplementary information under
controlled conditions; to predict possible differences in
performance between Mk 4B and 5; to gain accurate data about the
effect of flanking transmission via the ceiling void and to study
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the effect of inserting various doors and door seals. The latter
investigation was considered of special significance as the first
series of tests had shown that the performance ofastandard CLASP
door set was totally inadequate for speech privacy.
Field measurements of plastered 4^" brick walls, again both with
and without doors were carried out in a health centre of traditional
construction and coupled with similar measurements of a standard
form of plasterboard and metal stud partition provided controls
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against which the CLASP element could be judged.
The results of all test sequences are listed in sections 4.2, 4.3
and 4.4. In the subsequent chapter, comparisons are drawn, with
particular reference to grading procedures in current use in Britain,
Europe and the U.S.A. Comprehensive details of all the test
locations are given in Appendix IV and a brief description of
measurement procedures in Appendix Vb.
A number of ancillary tests were carried out which are not listed
in the following chapter; due to circumstances within the buildings,
the tests could not conform to standard procedures therefore to
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quote the results might be misleading.
One such test was between rooms and corridors to establish the
performance of the standard CLASP doorset. The value obtained for
the sound insulation was approximately 20 dB, well below an
acceptable standard for buildings designed for speech privacy.
Many types of proprietary doors are available, which, together with
special frames and ironmongery, appear to provide a good degree of
sound insulation. Usually the cost of these is prohibitive within
large buildings which have to conform to rigid cost limits; in
addition the integration of non-standard details into the CLASP
system can frequently cause considerable difficulties during both
design and erection processes.
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Lockwood and Pedder-Smith have pointed out the benefits of variety
reduction with respect to doors. The major factor influencing the
sound insulation performance of the door is its overall weight.
Within both health centres and outpatient departments heavy doors
are used, as fire checks and also to prevent harmful radiation from
rooms used for radiography. Both types of door are constructed to
appropriate British Standards.
The lead lined door used to impede X-rays would seem to hold the
greater promise due to the high loss factor of the lead membranes.
The asbestos cored 1 hour fire check door is of similar overall
weight although the loss factor is probably less. The lead cored
door is more expensive than the latter however and in practice the
door seals usually prove the limiting factor. The asbestos cored
doors were therefore used as the basis for tests, and following
these tests were specified generally.
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The standard CLASP Neoprene door seals were unsatisfactory. Double
seals were incorporated using proprietary but readily available
sections. The only other non-standard elements were intermediate
door frame linings formed of hardwood.
The standard form of plasterboard partition incorporating folded
steel studs, as tested in section 4.4, is of equivalent overall
cost to the CLASP partitions. It is widely used as a lightweight
non-loadbearing and relatively low-cost method of construction and
therefore provides a useful yardstick.
4.2 Field tests on the Mk 4B partition.
This section describes the first series of tests (designated A) to
determine the sound insulation properties of the metal faced
plasterboard partition as incorporated in the Mk 4B system. Detailed
drawings of typical junctions are not provided but are generally
similar to those of the Mk 5 system as included in Appendix IV.
4.21 Locations for test series A.
At the beginning of this series the only Mk 4B buildings accessible
in Scotland were school extensions in East Lothian, namely the Knox
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Academy at Haddington and the Ross High School at Tranent. A
detailed inspection of these showed that the majority of partitions,
especially those between classrooms, were not suitable for test
purposes due to the fact that heavy fittings such as blackboards,
were either fixed directly on or in close proximity to them thereby
increasing both the stiffness and effective mass of the partition.
An additional factor was the size and furnishing of adjacent rooms;
the consulting room is relatively small and contains considerably
more absorption per unit area than the typical classroom and
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although normalizing procedures are available to account for these
differences there is not as yet universal agreement as to the
formula most applicable to both school and health buildings. Test
rooms were therefore chosen which were similar in character to
consulting rooms, thereby minimising errors which might arise due to
the normalizing process. (A detailed exposition of the actual
normalizing procedure adopted is given in Chapter V). The six
test locations which were finally selected from these two schools
are shown in plan form in Appendix IVb. Shortly after this initial
sequence was completed a Mk 4b health centre at Dumbarton became
available for two additional tests on partitions without doors
and these are also included.
It will be noted that, despite the selection procedure, there are
still considerable variations in room size, in ratio of area of
partition to receiving room absorption and in flanking conditions
at the window wall. Associated variations in these results should
therefore reflect the statistical spread to be anticipated in
health centres and outpatient departments, or indeed between any
rooms of similar character to consulting rooms.
4.22 Results of tests.
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The airborne sound insulation (R') for these eight partitions is
plotted against frequency in Fig. 4.1* The average result of
all tests is shown on the graph and -1 dB standard deviation
indicated by the heavy solid vertical lines. These means and
standard deviations are also listed in table no 4.1.


























































Frequency Mean of Standard
(Hz) all tests Deviation
© ©
100 18.6 6.7 (7.2)
125 24.2 5.6 (6.0)
160 23.3 2.6 (2.5)
200 28.1 2.6 (2.8)
250 29.3 2.2 (2.4)
315 32.4 3.1 (3.3)
400 34.5 2.1 (2.1)
500 37.9 2.8 (3.0)
630 42.7 2.5 (2.7)
800 45.6 2.5 (2.7)
1000 47.3 2.8 (3.0)
1250 47.7 3.7 (4.0)
1600 48.9 3.3 (3.6)
2000 47.9 1.9 (2.1)
2500 46.1 2.3 (2.4)
3150 46.3 2.2 (2.3)
Average 37.6 dB 3 dB (3.3)
TABLE 4.1 AIRBORNE SOUND INSULATION (R') dB OF THE CLASP MK 4B
PARTITION.
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37.6 dB and the standard deviation is -3 dB. Thus the expectation
in the field is that in approximately 84% of all locations the
effective insulation will be equal to or better than 34.3 dB,
providing that the area of the partition is 10 sq. metres and the
reverberation time in the receiving room 0.5 sec.
4.23 Workmanship
Generally all work appeared to meet the specification laid down
by the Consortium,apart from the construction of the plenum barrier.
(The latter is formed from plasterboard sheet positioned directly
over the partition in the void formed by the suspended ceiling.)
The specification for this component called for plaster on scrim
caulking around all edges and also around holes cut to admit conduit
and other services. This sealing did not appear to be provided in
any of the test locations, although an exhaustive examination was
not possible in every case. All vertical joints between individual
partition modules were tightly sealed by means of the standard
preformed plastic coated metal strips with the exception of the
junction between the edge of the partition and window wall mullions.
At this latter point small gaps were visible in most instances and
their probable effect is evaluated in section 4.24.
4.24 Variations due to flanking transmission at the external wall.
The internal partition to external wall junction takes three
different forms in this test series.
In the case of tests nos 1, 4 and 5 the partition is flanked on
both sides by windows extending from a cill height of 3'6" to the
underside of the suspended ceiling. The edge of the partition is
fixed adjacent to a wooden window mullion, a small air gap being
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visible at this point with a maximum width of approximately 1/16".
This latter dimension varies at different times depending upon
moisture content and thermal differentials in the mullion.
In tests nos 2, 3 and 6 the partition is flanked on both sides by
the external wall returning approximately between l'O" and 2'0" on
plan, in location no 2 and 3'0" in nos 3 and 6.
In tests nos 7 and 8, the partition is flanked on one side by a
wall extending from floor to ceiling and 3'0" on plan and on the
other by an external wall return of 6'0". In this instance, air
gaps existed from floor to ceiling at both window mullions, the
approximate maximum width of the air gap being 3/32".
The means of the airborne sound insulation for each of these
sub-groups are plotted in Fig. 4.2. The marked variations shown
by the three graphs at frequencies between 500 hz and 2 K/hz and
particularly at 1.6 K/hz are most probably due to the existence of
these air gaps at the mullion, combined with variations in the
fitting of the plenum barrier. Means and variations of means are
listed in table 4.2.
The difference in insulation for the second and third groups is
4.3 dB, this being primarily attributable to variations in sealing
at the external wall junction.
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TABLE 4.2 AIRBORNE SOUND INSULATION (R') dB OF THE MK 4B PARTITION.
VARIATIONS DUE TO THE EFFECTS OF FLANKING TRANSMISSION.
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4,3 Tests on the Mk 5 prototype at Paisley.
A second series of seven tests (designated B) was carried out in a
small prototype building at Paisley General Hospital to determine
both the effect of the plenum barrier and the sound insulation of
the composite partition when the selected doors were inserted. The
prototype was originally designed as a 'mock-up' to enable the
Western Regional Hospital Board to study the actual building
sequence for the system. Consequently, constructional details and
flanking transmission paths were predetermined before the acoustic
tests were planned. Plans, sections and details of the prototype
are shown in Appendix IVa. No windows were incorporated.
A preliminary inspection revealed that the standard of construction,
particularly with regard to the fitting of the suspended ceilings,
the plenum barrier and several partition components was well below
that of the Mk 4B sample. As a preliminary therefore the faulty
components were replaced or re-aligned until the standard of
construction was in accordance with the standard specification for
Mk 5.
4.31 Sequence of tests.
The sequence and component configurations for the seven tests are
shown in table 4.3. Constructional details and a specification
for each test condition are provided in Appendix IVa.
4.32 Results of tests.
For the purposes of comparison these tests fall into two groups.
Group 1, comprising tests nos Bl, B2 and B7, is primarily concerned
with the effect of the suspended ceilings and the plenum barrier.
Group 2, comprising tests nos B3, B4, B5 and B6, provides
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Test no B1 Partition without door. Plenum barrier removed.
Standard ceiling.
Test no B2 Partition without door. Plenum barrier fitted.
Standard ceiling.
Test no B3 Partition incorporating a single standard CLASP Mk 5
door set but with improved threshold detail. Plenum
barrier fitted. Standard ceiling.
Test no B4 Partition incorporating single \ hour fire check door
to B.S. 459 with special jambs and seals. Plenum
barrier fitted. Standard ceiling.
Test no B5 Partition incorporating double \ hour fire check doors
to B.S. 459 with special jambs and seals. Plenum
barrier fitted. Standard ceiling.
Test no B6 Partition incorporating single 1 hour fire check door
to B.S. 459 with special jambs and seals. Plenum
barrier fitted. Standard ceiling.
Test no B7 Partition without door. Plenum barrier removed.
Asbestos plank ceiling.
TABLE 4.3 SEQUENCE OF TESTS ON THE MK 5 PROTOTYPE.
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comparative data when various doors are inserted. The actual
sequence of tests was dictated by practical considerations involved
in changing from one test condition to another.
The results for Groups 1 and 2 are shown in Figs 4.3 and 4.4 and
the airborne sound insulation data (R') upon which the graphs
are based is given in tables 4.4 and 4.5.
4.33 Workmanship and flanking transmission.
In interpreting these results it should be borne in mind that
these particular test circumstances are not strictly representative
of either laboratory or field conditions. The degree of supervision
given during the preparations for each test and the resulting
standard of workmanship probably exceeded the normal for an actual
building. On the other hand flanking transmission paths were
present which were atypical of a laboratory test and therefore in
this respect the test circumstances are more related to field
conditions. The purpose of this test series was to produce accurate
comparative data: if the results are used for prediction they
should be regarded as the upper limits to be expected of any




FIG4.3THEEFFECTOFAPLENUMBARRI RNDALTER ATIVESUSPEN EDCEILI GSIRBORNSOUINSULATION OFTHECLASPMK5PARTITION.
Frequency(Hz)
FIG4.4AIRBORNESOUNDINSULATION-MK5PA TITION(INCO PORATI GALTERN TIVEDCONST CTIO S).
Frequency Test no Test no Test no
(Hz) B1 B2 B7
100 17.6 23.5 17.9
125 24.9 31.6 26.0
160 27.5 29.5 24.3
200 29.3 34.3 24.6
250 27.7 36.0 24.2
315 29.7 39.3 32.9
400 32.8 41.0 32.5
500 34.7 44.9 34.8
630 39.5 49.0 38.5
800 41.2 51.7 39.9
1000 46.1 54.5 39.6
1250 48.9 55.3 40.9
1600 51.3 56.7 43.7
2000 52.9 56.4 46.4
2500 51.7 53.3 48.0
3150 50.7 52.8 47.6
Averages 37.9 44.3 35.1
TABLE 4.4 AIRBORNE SOUND INSULATION (R') OF THE MK 5 PARTITION,









































TABLE 4.5 AIRBORNE SOUND INSULATION (R') OF THE MK 5 PARTITION,
INCORPORATING VARIOUS DOORS.
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4.4 Field measurements of a standard plasterboard partition.
The third series of tests (designated C) was carried out in the new
outpatients department of the Falkirk Royal Infirmary on a standard
form of double-skinned plasterboard partition. The partition components
are supplied by British Gypsum and the specification was listed by
the Department of Health and Social Security in 1970 under the
CUBITH* system of elements (*Co-ordinated Use of Building Industrial
Technology for Health Programmes). The CUBITH publication dealing
with partitions (Manufacturers Data Base 3/1) suggests that the
Hollow Partition Grade 1 (100 mm overall thickness - double skin)
with a high-attenuation ceiling and no plenum barrier, should
provide over 40 dB of insulation, or alternatively that the same
partition carried up to the underside of the structural floor but
with low-attenuation ceiling, should also provide 40 dB of insulation.
4.41 Test sequences C
Plans of test locations are given in Appendix IV. The overall
sequence and component configurations for the five test groups
are shown in table 4.6.
4.42 Results of tests.
The results of groups C2 and C3 (Fig 4.5) show the performance of
the basic partition both with and without the plenum barriers. The
actual airborne sound insulation (RT) factors are presented in
table 4.7.
The comparison of the data of test groups CI and C2 (Fig 4.6) shows
that the effect of inserting the half-hour fire door fitted with
single Neoprene seals is to lower the overall insulation on
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GROUP CI Partitions incorporating { hour fire doors fitted with
single seals. No plenum barrier.
GROUP C2 Partitions without doors. No plenum barriers.
GROUP C3 Partitions without doors. Plenum barriers fitted.
GROUP C4 Comparative tests of { and 1 hour fire doors to B.S.
459 Part 3 1951, both doors fitted with double seals.
Plenum barriers fitted.
GROUP C5 Partitions incorporating 1 hour fire doors to B.S.
459 Part 3 1951, all doors fitted with double seals.
Plenum barriers fitted.
TABLE 4.6 TEST SEQUENCES AT THE FALKIRK OUTPATIENTS DEPARTMENT.
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Frequency(Hz)
FIG4.5AIRBORNESOUNDINSULATION-STANDARDFO MFPLASTE B ARDME LURTI I N(WI H WITHOUTPLENUMBARRIERS).
Frequency Test Groups
(Hz) CI C2 C3 C4a C4b C5
100 13.5 15.7 18.1 17.6 18.5 15.8
125 16.6 21.1 23.7 18.9 18.9 18.7
160 17.1 23.6 25.7 19.4 19.2 18.0
200 22.7 26.6 29.7 27.2 23.3 23.6
250 25.3 33.2 34.0 27.9 24.7 27.3
315 26.1 36.3 37.2 25.7 27.7 29.9
400 25.9 37.3 38.7 28.4 30.1 29.7
500 27.1 36.9 39.6 30.9 33.1 30.6
630 28.7 38.3 40.0 31.1 34.5 31.9
800 30.0 37.0 38.4 31.7 37.6 34.0
1000 30.3 37.0 39.0 33.8 36.5 34.0
1250 31.4 39.0 41.2 34.1 36.5 34.2
1600 29.2 41.3 44.2 33.5 37.3 34.0
2000 27.5 43.6 45.9 33.2 38.6 36.5
2500 27.4 45.4 47.9 31.2 40.3 38.2
3150 29.6 46.7 49.2 34.0 40.9 39.5
Averages 25.5 34.9 37.0 28.9 31.1 29.7
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average by 9.4 dB. A similar comparison of groups C3 and C5
(Fig 4.7) shows that the very heavy 1 hour fire door fitted in
partitions with plenum barriers lowers the insulation by 7.3 dB.
Fig 4.8, (tests C4a and C4b) shows the results of a preliminary
comparison of j and 1 hour fire doors each fitted with double
seals, prior to the final test sequence illustrated in Fig 4.7.
4.43 Workmanship.
The standard of workmanship was in general comparable with that
found in the metal faced partition systems. Several exceptions
must be carefully noted however in drawing comparisons with previous
test series. In the Falkirk partitions the junction between the
edge of the partition and the window mullion is carefully sealed in
accordance with the specification. When the plenum barrier was
inserted prior to test group no 3, scrim and plaster caulking was
used similar to that called for in the CLASP specification and
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4.5 Conclusions - Notes on workmanship and possible developments
of the CLASP partitioning system.
During the course of the experiments described in the preceding
sections many practical points of detail were noted, regarding
both standards of workmanship and also possible changes in the
actual method of construction. The question of the importance of
sealing in the region of window mullions and plenum barriers has
already been referred to in Sections 4.24, together with the
potential improvement in performance if such measures are carried
out. This final section deals specifically with doors, door frames,
door seals and suspended ceilings.
4.51 Doors and frames.
The standard CLASP door set consists of a relatively lightweight
flush door hung in a folded steel frame. A special type of
extruded Neoprene seal is inserted in a preformed groove at the
jamb and head. In several of the buildings examined, there was a
large air gap at the threshold, presumably intended to accommodate
carpets and therefore unsatisfactory for thermoplastic tile and
other thin floor finishes. Small air gaps were observed both between
the frame and adjacent partition members and between the individual
steel sections forming the composite door frame and fanlight. In
test B3 the frame was assembled without obvious air gaps and a
Neoprene and aluminium threshold was fitted (Fig 4.9a). At the
first attempt at fixing, this was not in contact over its entire
length and demonstrated an important principle in seal fixing. It
is much easier both to obtain an effective seal and to see that the
work has been done correctly if the detail is similar in principle
to that shown in Fig 4.9b.
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Section FIG 4.9a Plan FIG 4.9d
Section FIG 4.9b Plan Fig 4.9e
Plan FIG 4.9c Plan FIG 4.9f
FIGS 4.9a,b,c,d,e,f. ALTERNATIVE FORMS OF DOOR SEAL.
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Jamb and head seals were designed on the same principle: first a
cellular Neoprene strip was stuck to the rebate and a second seal
fitted after the door was hung. If the door is slightly warped, as
with most wooden doors, the first seal is unlikely to be in contact
throughout. The second seal however can be fixed to follow the
warp of the door and thus achieve a higher degree of efficiency.
The next critical factor is that of ironmongery. The pressure
exerted by the seals on the door makes closing of the latter more
difficult: this can be partially overcome by the use of a simple
feeler gauge to ensure a light but reasonably constant pressure
over the whole length of the seal, the most critical region occurring
on the hinge side. Providing that a substantial form of ironmongery
is specified and the partition and door frame do not flex, the
door can be closed with a relatively light slam. This was
demonstrated in the case of some twenty door sets at Falkirk.
Theoretically the objections to any form of slamming action could
be overcome by the use of ironmongery which closes with a cam
action, although elegant ironmongery of this type is not easily
obtained.
The CLASP ironmongery proved deficient for use with door seals of
the type mentioned. The keeper plate assembly of the standard door
set is very light and the fixing rivets quickly become loose,
allowing the plate to move and thereby making it impossible to
close the door against the seals. The door frames themselves are of
light gauge metal and the insertion of an efficient seal in the
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rebate on the hinge side (Fig 4.Sf) causes the actual frame to flex.
This effect, coupled with the loose keeper plate means that this
detailing would be totally unacceptable in practice, although in
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the test situations efficient seals were established for the
purpose of measurement. The deficiencies could however be overcome
by redesigning the keeper plate assembly and making the door frame
of a more substantial gauge of steel. Alternatively a substantial
timber frame should prove entirely satisfactory although this
would be a non-standard form of detail in the CLASP context.
Similar complications arose with regard to the overall stiffness of
the partition when the very heavy 1 hour fire door was
incorporated in the Mk 5 system. Placing the door-set in the
standard module means that in some instances the supporting
vertical metal stud may be approximately 300 mm from the actual
jamb on one side. The latter therefore becomes dependent upon the
external skins for overall stiffness and these are inadequate for
this purpose. Some additional form of structural support is
required particularly if a 1 hour fire door is to be used.
If the standard door-sets must be retained then the only way to
ensure a reasonable sound insulation performance is by the use of
double doors. Soft Neoprene seals may still be required in place of
the standard ones and threshold sealing is also necessary. If
possible the inner face of one door and the surfaces of the frame
between doors should be lined with an absorbent material-.
It will also be difficult to close both doors unless some method
is devised for relieving air pressure between the doors without
providing direct air paths to either. Holes drilled through the
frame to link the space between the doors to partition or plenum
cavities may be feasible in this respect.
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4.52 Sealing strips.
Alternative forms of sealing strip are shown in Fig 4.9c, d and e.
The simplest form as in (c) is probably the best, bearing in mind
the fact that long term maintenance must be an important consideration.
The more flexible form of aluminium housing for a Neoprene insert
as shown in (d) is preferable to that of (e) as it can be more easily
fitted to follow door contours. An additional objection to (e) is
that the insertion of the Neoprene is unnecessarily complicated
and can result in an uneven profile in relation to door contours
. 65,66
and/or inadequate protusion from the face of the aluminium housing.
4.53 Suspended ceilings.
The installation of suspended ceiling components also proved
difficult as air gaps could not be completely avoided. In the case
of the standard CLASP ceiling with exposed T-sections, tolerances
between supporting ribs and panels varied, due to warping or
dimensional discrepancies.
The most critical points occurred at the junction of the ceiling and
partition components, particularly in the region of the door frame
inserts. If the plenum barrier is not installed correctly and small
air gaps occur between the ceilings and the head of the partition,
the sound insulation is drastically reduced.
The importance of air gaps is also apparent in the comparison of
tests B1 and B7. Although the latter ceiling was considerably
heavier, the value for R' was lower due to bowing of the asbestos
planks between inadequate fixing centres and unsatisfactory
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sealing around the ceiling perimeter.
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V INTERPRETATION OF FIELD MEASUREMENTS.
5.1 General.
In the previous chapter all results are tabulated as the Airborne
Sound Insulation (R')• The experimental results illustrated in
Chapter II, Figs 2.6 and 2.7 show that the insulation required for
speech privacy can vary by 6 decibels even though the R' value
remains constant.
Predictions following from articulation index theory, using the speech
nomogram of Fig 2.1a, fit the experimental results at one point of
the ambient noise range but not throughout. The complexities of
obtaining and manipulating 1/3 octave data by the designer were
discussed in section 1.8. In the following section the field
results are studied in relation to alternative grading schemes
which can be utilized to yield a single number index.
In the last two sections of this chapter allowances which may be
required for flanking transmission, partition area and receiving
room absorption are discussed, with reference to field measurements.
5.2 Grading of test results.
Results for test B2 (i.e. for the CLASP Mk 5 partition with plenum
barrier) are plotted in Fig 5.1 relative to the grading curves for
airborne sound insulation between dwellings. These curves were
originally proposed by the Building Research Station and
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subsequently adopted as the basis for building regulations. It may
be seen that the performance of the Mk 5 partition falls short of
Grade II by a cumulative deviation of 41 dB, this being greater
108
Frequency(Hz)
FIG5.1THEPERFORMANCEOFCLASPARTITIO SINREL IONRADITIONALCONS RUCTIOA D BRITISHG ADINGSYSTEM.
than the maximum deviation of 23 dB which is permissible under this
particular grading process. It should also be noted that this
conclusion is applicable to a partition erected to laboratory
standards of workmanship.
In Fig 5.1 the results of tests on a typical 45" brick and plaster
partition at the Woodside health centre, are also compared with
CLASP sub-group A2, A3 and A6. This shows the superior performance
of the brick partition at frequencies below 600 Hz, achieving
Grade II standard with a minimum adverse deviation of 13 dB.
Finally, the same diagram also illustrates the potential development
from Mk 4B to Mk 5 level of performance, assuming that careful
attention is given to sealing at all junctions especially in the
region of the plenum barrier. The average difference in sound
insulation for these tw^o graphs is 4.6 dB.
The British standard grading curves do not adequately describe the
performance of partitions in buildings other than dwellings,
particularly if speech privacy is the primary concern. An
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alternative method of rating is contained in ISO R717 which although
still aimed at dwellings, places more emphasis upon the sound
insulation performance at higher frequencies. The standard reference
curve used in this procedure is shown in Fig 5.2 and may be taken
as a fixed reference, in which case, it is directly comparable with
the British Grade 1 curve for dwellings; alternatively, it can be
displaced in steps of 1 dB towards the measured curve until the
most severe of the following conditions is satisfied
a) the mean unfavourable deviation, computed by dividing
the sum of the unfavourable deviations by the total
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number of measuring frequencies, is greater than +1 dB
but not more than 2 dB
or, b) the mean unfavourable deviation is less than 2 dB and the
maximum unfavourable deviation at any frequency does not
exceed 8 dB for measurements in 1/3 octave bands or 5 dB
for measurements in octave bands.
The amount by which the reference curve has to be displaced to meet
this overall requirement is then deducted from a constant of 52 dB
and the resulting single number index (specifically referred to
as the Insulatio.n Index, la) may then be used to describe the degree
of speech privacy provided by that partition. Identical STC (Sound
Transmission Class) values are yielded by a similar procedure?
Either of these indices appear to correlate well with the results
of the laboratory experiments.
The "values of the Insulation Index (or STC classification) for each
of the partitions tested are listed in table 5.1. It may be noted
that the CLASP Mk 5 partition of test B2 has an identical rating with
the 4^" brick partition although the former failed to achieve
Class II rating under the British system.
5.3 Allowance for flanking transmission.
Under standard laboratory procedures flanking paths are excluded,
the only significant variables being the fixing, workmanship and
size of the specimen, coupled with the effect of absorption in
the receiving room. Size of partition and absorption in the
. . . S
receiving room are normalized using the formula 10 1°S^q t where S
is the area and A the total absorption, the result being
designated the Sound Reduction Index (R). Variations between
laboratory and field measurements may therefore be attributed to
different conditions of edge fixing; to minute air gaps; to
112
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TABLE 5.1 RATING OF AIRBORNE SOUND INSULATION.
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flanking walls which exist in the field location but not in the
laboratory; or to a combination of two or more of these factors.
Usually therefore the Airborne Sound Insulation (R1), Insulation
Index (la), or the Normalized Level Difference (any of which may be
used to describe field results) yields a lower value than the
71
Sound Reduction Index.
This is illustrated in Figs 5.3 and 5.4. In the first of these the
average of all field tests (series A) is compared with laboratory
tests on a similar partition. The variations above 1000 Hz are
almost certainly due to the presence of small air gaps. It is more
difficult to account for the variations below 800 Hz, which may
be due to bending wave transmission or a similar mechanism, in the
flanking walls. In Fig 5.4 there is no evidence of the latter,
although the effect of air gaps is also apparent. Graphs showing
the field performance both with and without plenum barriers are
presented in this figure, in addition to the laboratory results.
Insulation indices (la) determined in accordance with ISO R717
for the two conditions shown in Fig 5.3 are 47 and 41, giving a
difference of 6 dB in ratings. In Fig 5.4 the ratings for the
laboratory specimen and the lower of the two field locations are
43 and 39 respectively, the difference being 4 dB.
An allowance of -4 to -6 dB must therefore be made in using the
laboratory determined Sound Reduction Index as a base from which
to predict the Insulation Index which relates to field conditions,
and further adjustments must be made if the surface area of the
partition varies appreciably from 10 sq. metres and the
reverberation time in the receiving room from 0.5 seconds.
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5.4 Absorption characteristics of the receiving room.
The effective sound insulation is dependent not only upon the
partition and associated transmission paths but also upon the area
of the partition in relation to the total absorption present in the
receiving room. There are three main formulae which are in use both
to normalize laboratory data and to account for differences in
receiving room characteristics. The following abbreviations are
used throughout T, measured reverberation time; A, total
absorption in the receiving room; S, surface area of partition;
F, floor area; V, room volume.
The first formula 10 log A is listed in B.S. 2750:1956,
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specifically for use in relation to dwellings.
The second formula 10 log T is also listed in the same
0.5 sec
document, and has been widely adopted in Britain.
A third form
^ 10 log _S ^ was originally introduced to normalize
laboratory results and its use has been subsequently extended for
field use (in the first case it is designated as the Sound
Reduction Index (R) and the second as the Airborne Sound Insulation
(R') ).
The third formula (formally proposed in ISO R717) yielded the best
fit for the initial series of measurements on CLASP 4B partitions
and has been used throughout in stating the results of field
measurements. *
The results of reverberation time measurements for all test series
are illustrated in Figs 5.5- 5.9and the total absorption has been
117
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calculated using Sabine's formula 0.049 x V (Imperial form)
72 ^
or 0.16V (Metric form).
A
All the relevant information relating to absorption characteristics
is presented in tables 5.2 and 5.3.
A linear regression analysis of this data shows that for this test
sample, A (total absorption) — 0.79F (floor area), the correlation
(r) being 0.81. This relationship provides the basis for the graph
shown in Fig 5.10. The graph may be used to obtain a correction
factor for airborne sound insulation (R') if the area of both
partition and receiving room are known.
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FIGURE AND CURVE NO.








































































































































84 245 118 193 66
Floor 143 291 124 341 123 168 124
area (F)
(ft )




TABLE 5.2 ABSORPTION CHARACTERISTICS OF RECEIVING ROOMS.





















FIGURE AND CURVE NO
28(1) 28(2) 28(3) 28(4) 28(5) 28(6) 29(1) 29(2)









































































































































Floor 187 187 187 187 187 187 123
area (F)
(ft? )
Room vol 1496 1496 1496 1496 1496 1496 984
(V)
(ft3 )
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CHAPTER VI PART A. PREDICTION OF SPEECH PRIVACY.
6.1 General.
This chapter is written primarily for use by job architects. It is
in effect a summary of all the experimental findings of previous
chapters, integrated and expressed so that a detailed knowledge of
acoustic terminology or mathematics is not required of the reader.
It is possible to draw general conclusions about the degree of
privacy provided in various circumstances by direct reference to
the graphs of Figs 2.6, 2.7, 2.10 and 2.12 using the Airborne Sound
Insulation (R'). These conclusions will only be approximate and
valid when certain conditions apply, i.e. the reverberation time
of the consulting room is approximately 0.4 seconds and the
partition area is approximately 10 square metres. When these
conditions are not met then adjustments must be made if an accurate
prediction is to follow.
\
The following predictive method is drawn up in the form of a check
list with associated arithmetical calculations which allows for
these variations. The designer who works through this system
should become thoroughly acquainted with the relative importance of
the various acoustic factors under his control. Certain standard
procedures relating to measurement, etc. are assumed as part of the
predictive method - for anyone who is not fully conversant with
these ancillary procedures, footnotes and additional data are
included in Chapter VI Part B. (The annotation of Part B is
synonymous with that of Part A.)
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6.2 A method for predicting degree of speech privacy and reaction
of occupants.
A detailed plan of the proposed building should be examined to
determine the exact number of partitions and associated sets
of conditions which will require individual analysis by this method.
It should also be noted that the sequence varies depending whether
the partition is between consulting rooms with identical ambient
noise levels, or between a consulting room and a corridor or




6.2.04 Reference voice level rating. (Average sound pressure





Raised voice + 63
Very loud, almost shouting + 68
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6.2.05 Hearing sensitivity rating of recipient, due to effect
of age. (Under normal circumstances use zero rating
for health centres.) Correction
Factor.
Age 29 or less. 0
" 30 to 39 - 2
" 40 to 49 - 4
" 50 and over - 7
6.2.06 Attitude rating of recipient. (Under normal circumstances
use zero rating for health centres.)
Correction
Factor
Very critical, listening carefully 0
in room with no other occupants.
Critical, but engaged in activity - 3
involving slight movement.
In conversation with another - 6
room occupant.
6.2.07 Allow for sound absorption provided by room furnishings
in the receiving room (see specifications in note 6.2.07B)
Correction
Factor
Above average - 3
Average 0
Minimal + 3
6.2.08 Sound insulation data for partition. (Use normalized
level difference if available.)
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6.2.09 Allow for the shape of the sound insulation spectrum
(see following table) .
Correction
Factor
Class A - slope 0-4dB/octave 0
or X
Class B - slope 4-6dB/octave ~ 3
Class C - slope 6dB/octave ~ 6
6.2.10 Additional allowance for flanking transmission if not
already accounted for in 6.2.08. (This will only be
required if laboratory data is in the form of the
sound reduction index if used in 6.2.08)
6.2.11 Allow for variation in the ratio of partition area/floor
area of receiving room.
Correction
Ratio of partition area : floor area. Factor.
1 : 1.9 - 1.0
1 : 1.7 0
1 s 1.5 + 1.0
6.2.12 Determine the CORRECTED INTRUDING SPEECH LEVEL by summing
the result of 6.2.04 to 6.2.11, carefully noting all signs,
and retain the result for future reference.
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6.2.13 If the receiving room is a consulting room, estimate or
measure the basic EXTERNAL NOISE CLIMATE.
The following table is based upon data provided by the London
noise survey and will give a reasonable first approximation
to the external ambient noise for most health centre sites.
If the proposed building is adjacent to a major road (e.g. a
motorway or heavily used A class road) with a traffic flow
exceeding 10,000 vehicles per 18 hour day (06.00 to 24.00
Monday to Friday) a more precise prediction of the exposure
to noise may be made by reference to other publications.
SITE CATEGORY (Adjacent to or within)
Arterial road with many heavy vehicles and
buses.
A major road with heavy traffic or a side road 69
within 15-20 metres of either arterial or
major road.
A main residential road, a side road within 65
20-50 metres of heavy traffic routes or within
a courtyard screened from direct view of heavy
traffic.
A residential road with only local traffic. 60
A minor road, _or a garden site with major 55
traffic routes more than 100 metres distant.
A park, courtyard or garden in a residential 52
area well away from traffic routes.







6.2.14 Allow for a reduction or an increase in the basic external noise
climate due to shielding or reflection effects from the proposed
building, existing adjacent buildings, earthworks and similar
screens.
6.2.15 Estimated sound reduction of consulting room window when closed.
6.2.16 Estimated sound reduction of solid portion of external wall.
6.2.17 Approximate ratio of window/solid wall.
6.2.18 CALCULATED NETT INSULATION OF EXTERNAL WALL. (Refer to Fig 6.3)
6.2.19 Calculate the AMBIENT LEVEL IN THE RECEIVING ROOM by summing the
results of 6.2.13, 6.2.14 and 6.2.18. N.B. Steps 6.2.15, 6.2.16
and 6.2.17 are intermediate, leading to 6.2.18.)
ALTERNATIVELY, if the receiving room is a corridor or waiting ar;
usually steps 6.2.13 to 6.2.18 may be omitted and the internal
ambient noise is obtained from the following table. If in doubt
as to which category to select use interpolated values.
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LOCATION
Reflective Absorptive floor Absorptive floor
walls, floor reflective walls and ceiling
and ceiling. and ceiling. reflective walls.
Adjacent to reception 55 52 49




General waiting areas 49 ^ 43
in close proximity
to reception desk.









6-2-20 Plot the CORRECTED INTRUDING SPEECH LEVEL (refer back to 6.2.12)
against the AMBIENT NOISE LEVEL (refer to 6.2.19) on Fig 6.1 or
Fig 6.2, depending upon whether the partition is between consulting
rooms or between a consulting room and corridor or waiting
area.
If the point plotted lies above the limit of the speech privacy
zone the various assumptions should be re-examined with a view to
improving the degree of isolation.
Also shown on Figs 6.1 and 6.2 are tentative limits for a zone
of tolerance based upon field studies.
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30 35 40 45 50
Ambient Noise Level (dBA L^q)•
FIG 6.1 INTRUDING SPEECH AND AMBIENT NOISE LIMITS - PARTITION BETWEEN





Limit for Ambient Noise j
in Waiting Areas. :
5
30 35 40
Ambient Noise Level (dBA L^q)•
FIG 6.2 INTRUDING SPEECH AND AMBIENT NOISE LIMITS - PARTITION BETWEEN
CONSULTING ROOM AND WAITING AREA (AMBIENT NOISE LEVEL IN
CONSULTING ROOM TAKEN AT 40 dBA: LISTENER IN WAITING AREA
ADJACENT TO CONSULTING ROOM ACCESS DOOR).
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CHAPTER VI PART B ANCILLARY DATA AND EXPLANATORY NOTES TO
SECTION "VI A
N.B. The following notes are to be used in conjunction with the
survey form of section VI A, therefore the sequence and notation are
standardized.
6.2.01 If section VI A is required for correlation with a user
response survey, each building will require a specific
designation.
6.2.02 All partitions should be numbered on the key plan. Those
which occur between identical room occupancies and ambient
noise climates should be given the same designation.
6.2.03 If results following from Part A are to be correlated with a
user response survey, room occupancies should be designated
with reference to the following table:










1 2 3 4







Thus a typical occupancy designation would read: Z/M/3
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6.2.04 To simplify the calculations a constant reference voice
level is used. The effect of variations of voice level in
relation to ambient level is taken into account at a later
stage.
6.2.05 The hearing sensitivity rating in this context refers only
to physiological factors and will correlate with age on
average. Wide variations within the same age group may still
occur, however and these correction factors are only given
as a guide to show why some occupants may tolerate lower
insulation standards.
6.2.06 Attitude rating refers to psychological factors and may
correlate with intelligence and introvert/extrovert ratings.
As in 6.2.05 these factors are only a guide to the limit of
the zone of tolerance.
The term "critical" refers specifically to the most sensitive
10% of all recipients who will tend to be more aware of a
loss of speech privacy and are assumed to be in an attentive
state.
6.2.07 Typical specifications for overall sound absorption are:
ABOVE AVERAGE. Highly absorbent ceiling or wall
approximately equivalent in area. Other
fittings and fixtures as average.
AVERAGE. Reflective walls and ceiling e.g. plaster
or plasterboard, floor fitted with carpet,
and a small additional amount of absorbent
in the form of curtains and/or upholstered
chairs.
Minimal Hard floor covering, reflective walls and
ceiling, e.g. thermoplastic tile floor,
plaster on brick walls, plasterboard
ceiling.
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6.2.08 Sound reduction data to be taken from the British Standards
Code of Practice CP3 Chapter III Part 2:1972. If relevant
data is not available in this publication refer to The
Airborne Sound Insulation of Partitions by E.N. Bazley,
National Physical Laboratory, published by H.M.S.O. in 1966
or a textbook on building acoustics.
N.B. In an evaluation system of this kind it is essential
to establish whether the Sound Level Difference, the
Normalized Level Difference or the Sound Reduction Index
is being quoted.
If the partition is composite i.e., it incorporates two areas
of dissimilar construction, the overall sound insulation can
be determined by using Fig 6.3.
The following table may also be used as a guide when a door is
incorporated. It is assumed that the door is approximately
l/6th of the total area of the partition. (Use interpolated




25 30 35 40 45 50
A A B B C C
DOOR CONSTRUCTION
Any door with air gaps at 21 22 23 23 23 23
jambs and threshold. X X X X X X
Light door with single edge seals. 23 25 26 27 27 27
(weight approx 5kg/m2 spec. 1) A A A A A B
Heavy door with single edge seals. 24 26 28 29 30 30
(weight approx 25kg/m2' spec. 2) A A A A B B
Very heavy door with double edge seals. 25 30 32 33 34 35
(weight approx 50kg/m;! spec. 3) A A A B B B
Heavy double doors with approx 8" 25 30 35 39 41 42
space between. Single seals to each A A B B B B
door.
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FIG6.3AIRBORNESOUNDINSULATIONFTWELEMENTCOMPOSITEPARTITIONF CT ONFTHRELA IVEINSULATION OFTHECOMPON NTS.R^isthelarg rin ulationvalue,„t esmallerin ul tionvalndth insulationvalueofthecomposite.S„/S^istrat orthr asfresp ctivec mpon nts. (DiagramduetoI.L.VerandC.I.Holmer.)
DOOR SPECIFICATIONS
1. 6mm plywood or hardboard faced skeleton core door.
2. Solid core flush door giving | hour fire resistance.
3. Asbestos cored door giving 1 hour fire resistance.
6.2.09 As stated in Chapter II, the degree of speech privacy provided
by a partition will depend not only upon the average
insulation over the frequency range 100 - 3200 Hertz, but
also upon the slope of the sound insulation spectrum when
plotted in 1/3 or 1/1 octave bands over that frequency range.
The insulation value may therefore be utilized in two
alternate ways.
a. The average value in decibels over the agreed frequency
range (100 - 3150 Hz) is taken together with a correction
factor to account for the approximate slope of the
insulation.
or, b. The insulation spectrum is graded in relation to
previously agreed reference curves.
Method a. is used in BS CP3 Ch III, a letter being attached
to describe the approximate slope characteristics.
Thus A (low) refers to a slope of less than 4 dB per octave.
B (average) refers to a slope of 4 to 6 dB per octave.
C (steep) refers to a slope of more than 6 dB per octave.
In this predictive method, X is also used to describe a flat
slope, i.e. 0 dB per octave. Specifically, X is the lower
limit of the A category and was taken as the reference line
in the laboratory experiments.
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Method b. If data is available graded in accordance with the
ISO (International Standards Organisation) or the similar
STC (Sound Transmission Class) procedures, this should be
entered under 6.2.08 and no correction is required in 6.2.09.
6.2.10 If the sound insulation data used in 6.2.08 is based upon
field measurements and is expressed as the normalized level
difference in accordance with BS 2750:1956 it will not be
necessary to make a further deduction for flanking transmission,
provided that all wall and floor constructions are identical
with those of the buildings from which the test results were
obtained, and also provided that small openings and similar
air gaps do not occur in the partition and adjacent elements.
If laboratory data in the form of the sound reduction index
is used, allowance for flanking transmission must be made.
A detailed method of calculating flanking transmission is
beyond the scope of these notes. The following simplified
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method may however be used as a guide:
Step 1. Calculate the ratios of the superficial weights of
flanking wall, roof and floor elements,, to the
superfiecial weight of the partition.
Step 2. Take equivalent loss factors for each flanking
element from the following table:
Ratio of weight of flanking element Equivalent loss factor
to weight of partition. for one element.
4 or more 0
2 or more 3
1 or more 6
5 or less 8
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Step 3. Add together the equivalent loss factors for all
flanking elements and take the average. The result
is the flanking transmission's correction factor to
be deducted from the sound reduction.
N.B. In general it is assumed that partitions will be taken
up to the underside of structural floors or roofs or,
alternatively,that an infill bulkhead will be provided in
all situations where the sound insulation is likely to exceed
30 dB.
6.2.11 The normalized level difference may require a further
correction to allow for variation in the ratio of partition
area/total absorption in the receiving room. The table given
S
in 6.2.11 (A) utilizes the correction formula 10 l°g-^Q ^ where
S = total surface area of partition and A = total number of
absorption units in the receiving room. The table is also
based upon the assumption that in the room with an average
amount of absorption, the total absorption is approximately
proportional to floor area.
6.2.12 In carrying out the summation carefully, note all negative
and positive signs. The resulting CORRECTED INTRUDING SPEECH
LEVEL refers to the effective speech level which has penetrated
to the adjacent room and is matched against the AMBIENT
NOISE LEVEL at a later stage in the procedure.
6.2.13 Details of a suitable measurement procedure are given in
Appendix V. Measurements should be verified by comparison with
the table. When using the latter, if doubtful about the
category, interpolate values.
More detailed methods of predicting the ambient noise are
provided in the following publications and take into account
the following factors:
a. The distance of the site from the road edge.




The amount of noise reflected from surrounding surfaces.
The number of noise sources affecting the site.
1. Urban Design Bulletin, Traffic Noise - Major Urban
Roads, Greater London Council, March 1970.
2. W.E. Scholes and J.W. Sargent, Designing Against Noise
from Road Traffic, Building Research Station Current
Paper 20/71. May 1971.
3. New Housing and Road Traffic Noise - A Design Guide for
Architects. Department of the Environment Design
Bulletin 26. H.M.S.O. 1972.
If followed in their entirety, the rules of these publications
enable very detailed estimates to be made of dBA noise
levels on sites where the major sources are roads with traffic
flows of the order stated. The L-^q level must then be
adjusted to obtain the dBA masking level. The general
relationship shown in Fig 6.4 is taken from the London noise
survey.
6.2.14 This allowance may be deducted depending on the proximity of
the site boundaries to the various classes of road. On urban
sites where there is likely to be general noise contamination
from a variety of sources, the variation from the quiet
to the noisy side of the building is not likely to exceed 5 dB.
In some situations, e.g. rooms facing small internal courtyards,
the building may provide a degree of shielding greater than
5 dB. On rural sites, where one side of the building points
on to a frequently used road which forms the dominant noise












































































































FIG6.4PROBABLEELATIONSHIPBE WE NMEAEV LF RXTERNALN ISECLIMATE(d)DN L^qLIMITS(fromtheLondonNoiseSurvey).
6.2.15 Sound reduction values of closed windows.
WINDOW TYPE dB
Closed 'openable' single window 19
Sealed single window (3-4 mm glass) 24
Sealed single window (6 mm plate glass) 27
Sealed single window (9 mm plate glass) 30
Ventilated double window 18
(5% area of indirect ventilation)
Closed 'openable' double window (any weight of glass
with an air space of 200 mm and absorbent lined 31
reveals)
Sealed double window (4 mm glass with air space of 40
200 mm and lined reveals)
Sealed double window (6 mm glass with air space of 42
200 mm and lined reveals)
6.2.16 Refer to BS Code of Practice CP3: Chapter III Part 2 (1972),
or the NPL Airborne Sound Insulation of Partitions (see also
note 6.2.08).
6.2.17 Divide the area of solid wall by the area of the window.
6.2.18 Obtain the net insulation of the external wall from Fig 6.3
using the values recorded under 6.2.15, 6.2.16 and 6.2.17.
6.2.19 N.B. If the value obtained by the summation as described in
6.2.19 (A) exceeds 42 dBA in consulting rooms, complaints
may arise due to excessive background noise.
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ALTERNATIVELY, if the value in waiting and reception areas
exceeds 52 dBA, the building may appear excessively noisy
to occupants and make telephone conversations difficult at
the reception desk.
6.2.20 If the resultant plot falls only two or three decibels short
of the criterion line, there will be a marked loss of speech
privacy if the listener is in an attentive state. In practice
both practitioners and patients actively engaged in
consultation will tolerate appreciably lower standards, as
suggested by the tentative correction factors of 6.2.05 and
6.2.06 and the tolerance zones shown on the various graphs.
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VII ADDITIONAL PLANNING CONSIDERATIONS AND NOTES ON CASE STUDIES.
7.1 General.
In the previous chapter it is suggested that spatial relationships
and constructional details should be systematically examined, in
relation to the criteria following from field trials and laboratory
experiments. Although, at first sight, this procedure may appear
to be very time consuming, with practice typical sets of
circumstances can be identified and evaluated rapidly; assuming
that all the necessary data is to hand.
To illustrate the utility of this procedure the buildings selected
for case studies are subjected to further scrutiny in section 7.2.
Some of the more typical room relationships are examined, using the
predictive method and associated data. In addition, more general
observations following from the visits already described are noted,
and attention is also drawn to possible interactions between sound
insulation and other environmental factors.
7.2 Sound isolation between consulting rooms in alternative plan
forms.
Typical consulting room relationships are illustrated in Figs 7.1a, b
and c. The first layout is the one most frequently encountered in the
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more recent health centres and outpatient departments in Scotland.
Fig 7.1b shows an alternative form in which separate examination rooms
75
are placed between consulting rooms. A variation of the latter



















FIGS 7.1a, b & c. TYPICAL PLAN RELATIONSHIPS OF CONSULTING
ROOMS.
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Of the three basic possibilities, conditions established by
(b) and (c) are the most critical with regard to speech privacy. In
either of these arrangements a patient may be waiting in the
examination room whilst another patient is in consultation with the
doctor. In these circumstances the waiting patient is in a highly
attentive state, with nothing to distract his attention from the
76
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conversation in the adjacent room. Almost invariably, the intervening
partition incorporates a single, relatively lightweight, door.
An analysis of the situation at Woodside illustrates the probable
consequence. Initially, the sound insulation of the basic 4^" brick
and plaster partition was determined at 48 dB (la rating).
This drops to 29 dB when a medium weight flush door is incorporated.
(In a wooden frame without seals.) The level in both
examination and consulting rooms was approximately 32 dBA with
windows closed and 40 dBA with windows open.
It will be seen from Fig 7.2a that whilst the brick partition
without a door provides a good degree of speech privacy in ambient
noise climates from 29 dBA upwards, when the door is included it
falls short of the criterion by approximately 15 dB. It is interesting
to note however, that in a building with this plan form the deficiency
may only become apparent to the patient who is left alone in
the examination room: the doctors themselves may be unaware of
the problem.
Predictions for the buildings at Dumbarton and Falkirk are
also plotted on the same diagram. These incorporate communicating
doors between adjacent consulting rooms, as in Fig 7.1a.
Dumbarton, with double doors and efficient seals fitted in the
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Ambient Noise Level (dBA L^q)
FIG 7.2a PREDICTION OF OCCUPANTS' RESPONSES, FOR THE THREE BUILDINGS
SELECTED FOR CASE STUDIES, USING MEASURED SOUND INSULATION
AND AMBIENT NOISE DATA.
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CLASP 4B partition (la rating 43) and an ambient noise level of
of 30 - 35 dBA, is only 1 dB short of the 95% confidence limit
which forms the criterion.
Falkirk outpatient department, with a somewhat lighter partition
incorporating a very heavy door fitted with double seals, provides
an la rating of 34 dB. Although this falls short of the criterion
by approximately 9 dB and could give rise to some dissatisfaction,
it lies on the edge of the possible tolerance zone. Furthermore,
77
in this plan form the patient is unlikely to be left unattended.
It is also interesting to compare the performance of the
buildings at Falkirk and Woodside. Although laboratory tests show
that the basic sound insulation of the plasterboard and stud
partition at Falkirk is substantially below that of the brick
partition of Woodside, in practice the loss of speech privacy can
be more acute in the latter building.
7.3 Sound insulation between consulting rooms and adjacent corridors
and waiting areas.
Fig 7.2b shows that the sound insulation problem may be just as acute
between the consulting room and the corridor, the most critical
condition occurring when quiet internal waiting rooms are in close
proximity to consulting room doors (Fig 7.3a). This condition occurs
in the Dumbarton health centre. Even in some situations where they
are not in close proximity, if all of the corridor surfaces are
reflective, the corridor itself will act as a transmission line
over considerable distances with a resulting loss of privacy (Fig 7,3b).
The most effective solution particularly in health centres is to
treat the corridor as a sound lock, although this may be undesirable
151
Suggested Upper
Limit for Ambient Noise •
Ambient Noise Level (dBA L,. )
FIG 7.2b PREDICTION OF OCCUPANTS' RESPONSES, FOR THE THREE BUILDINGS
SELECTED FOR CASE STUDIES, USING MEASURED SOUND INSULATION












FIG 7.3a & b. PLAN RELATIONSHIPS LEADING TO LOSS OF SPEECH PRIVACY
BETWEEN CONSULTING ROOMS AND WAITING AREAS.
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from other points of view. A simple form of sound baffle should
be used in conjunction with as much sound absorption in the corridor
as possible, to reduce this transmission line effect.
7.4 Ventilation.
It is apparent that, with the more open form of plan, the performance
of the building may fall short of the proposed criteria unless
efficient seals are placed on all doors. This measure will in turn
influence the rate of air change in the consulting room. Wise has
suggested that ventilation rates can drop to 0.15 air changes/hour
if windows are fitted with weatherstrips to reduce heat loss in
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winter; providing door seals throughout may have a similar
effect.
Very low ventilation rates can mean that odours are not dispersed
rapidly enough and lead to overheating in mid-summer. The latter will
tend to occur if large south facing windows are provided, with a low
ratio of opening lights; the problem can be acute if the building
has a low thermal capacity, as is the case with most industrialized
79
building systems.
In most cases it will be possible to compensate for the reduced
ventilation rate by a) keeping window areas to the minimum required
for adequate daylighting, thereby minimizing solar heat gain and b)
increasing the ratio of opening to fixed lights. If the external
noise level is too high to permit adequate natural ventilation via
the window, then a suitable air exchange system should be envisaged
80
m the early design stages.
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7.5 Additional planning requirements for aural privacy.
While the primary object of this report is to deal with the
provision of an adequate degree of speech privacy between rooms,
discussions with occupants of various health centres have shown
that dissatisfaction may also arise due to telephone conversations,
between receptionists and patients, being overheard by patients in
waiting areas.
In practice it may be difficult to completely obviate this, but
careful planning and detailing will minimize the problem. As much
sound absorption as possible should be placed in the immediate
proximity of telephonists to reduce the speech level. Glazed
screens may also be required between reception desks and waiting
areas which are in close proximity to each other.
Reverberant corridors can again act as transmission lines to relay
telephone conversations and in one of the health centres visited,
conveyed conversations at an articulate level from the reception
desk to waiting areas on the opposite side of the building.
This again suggests that extensive sound absorption should be
provided in corridors.
In general, the buildings used for field measurements and noise
climate analysis incorporated top-hung windows. At an early stage of
the research, comparative measurements (in a school) indicated that
the loss of sound insulation due to slightly open windows (normal
condition) was approximately 3 dB. This figure relates to the
normal sound insulation performance in the field of the CLASP Mk
4B partition.
In practice, this reduction of insulation is offset by the rise in
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ambient noise level due to increased traffic noise through the
open window, this being of the order of 6 - 9 dBA. It is important,
however, that windows in adjacent rooms are not in close proximity;
a critical loss of privacy could occur if side hung casements were
used, hung on opposing sides so that, when opened, they acted as




The field trials and laboratory experiments have shown that the
minimum 40 dB empirical insulation standard BS CP Ch III provides
a satisfactory degree of speech privacy in normal circumstances.
This 40 dB standard is valid for most of the ambient noise levels
which may be encountered in consulting rooms, assuming that the
slope of the insulation spectrum is classified as B or C. An
additional factor of safety of 5 dB is provided by the 45 dB standard;
this gives further protection against raised voices, fluctuations in
background noise and listeners with acute hearing.
Many building occupants are apparently satisfied with partitions
providing lower insulation values than those indicated in the
previous paragraph; this can be attributed to one or more of the
factors described in the main text. Widely differing opinions can
emerge between doctor and patients, as well as between members of the
same group,in identical circumstances. Although insulation values
9 - 10 dB below those suggested by the criteria graphs may be
tolerated by some users, a definite loss of speech privacy will occur
at times.
The investigations which are reported in Chapters IV and V show that
lightweight metal faced plasterboard partitions can effectively
meet these user requirements, although the airborne sound insulation
value (R') may be below the actual standards of BS CP3 Ch III. This
is due to the particularly efficient shape of the insulation spectrum.
The latter is taken into account if the la rating procedure of ISO R717
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is used.
If, say, in health centres a 5 dB higher standard is deemed
necessary, tests at Paisley have shown that the Mk 5 partition
will still be adequate provided that careful attention is paid to
sealing at the bulkhead. Whenever a single door is incorporated it
is unlikely that the overall insulation will exceed an la rating of
35 however efficient the partition may be. This assumes the use of
a very heavy door with double seals, coupled with careful on-site
fitting and supervision. This means in effect that the use of a
single door can only be completely satisfactory in outpatient
departments, in the more noisy locations. In health centres, and
particularly where ambient noise levels are low, double doors are
desirable. The use of a separating lobby and absorption between
doors, as suggested in BS CP3 Ch III is not essential, providing that
reasonably heavy doors and efficient seals are used and carefully
fitted. The use of double doors may inhibit movement between rooms.
An effective compromise solution could be to select suitable
ironmongery to allow one door to be locked back against a wall,
leaving a single door for clinics and similar activities. When the
consulting rooms are used for general practice consultations, both
doors would be closed.
Extensive trials at various locations have shown that high standards
of workmanship must be aimed at if an adequate performance is to be
achieved. Doors and door seals must be closely fitted to achieve an
la rating of 35 dB from the composite partition. None of the buildings
studied, when this door construction was specified achieved 35 dB
on first inspection.
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Detailed instructions regarding construction and tolerances should,
whenever possible, be presented directly to the man who will carry
out the work and subsequent site inspection of every door may be
required. Experience gained during the field experiments indicates
that doors fitted with efficient seals can be difficult to close,
particularly in light and relatively flexible frames and partitions.
The use of a simple form of feeler gauge, to ensure that the seals
are in light but positive contact, minimises this problem. It is also
essential that door frames are substantial and rigidly braced.
Long term maintenance is another aspect which must be carefully
considered as both wear of seals and warping of doors can render
the seals inefficient. Some degree of warping is unavoidable if wooden
doors are used and the design and fitting of door seals must allow
for this.
A comparative examination of the criteria graphs shows that under
some conditions speech privacy requirements can be more demanding
between consulting rooms and corridors and waiting areas,
than between adjoining consulting rooms. Ideally, from the acoustic
point of view, corridors giving access to consulting rooms should
be isolated from waiting areas by double doors, although this may be
undesirable for other reasons. At the very least, some form of sound
baffle should be incorporated, in conjunction with the liberal use
of absorbent materials in the corridor. If a patient is allowed to
wait in close proximity to a consulting room, the latter having
a single entrance door, a serious loss of speech privacy may result.
This will be inevitable if the ambient level in the waiting zone is
low, as was typical in the internal individual practice waiting areas
in the Dumbarton health centre.
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The broad integrative nature of the present research has inevitably
placed severe constraints upon the extent and depth of study in any
one section. The limitations of each aspect of the work are discussed
in the following paragraphs, with a view to identifying areas of
future research.
8.2 Laboratory experiments.
The correlation of stability coefficient between laboratory experiments
l.b and 2.b suggests that the basic experimental format was reliable.
It would seem worthwhile therefore, to extend the sample by using a
much larger group of subjects which would be more representative of
the population. Age range was too restricted in the initial group,
varying from 33 to 55 years. It may also be desirable to choose
subjects to reflect regional variations associated with dialect
and similar factors. The test tape was deficient in this respect.
Only two very articulate speakers were prerecorded, one male and
one female, although there were randomized variations in other
respects, as shown in table 2.1.
To maximize the use of subjects' time, the test passages could be
made shorter on average. This would yield a larger number of responses
in a given time. As a corollary, it would be essential to improve
the sound isolation of the test chamber.
The instrumentation could be modified in several respects. Although
the attenuator was highly accurate and capable of 0.1 dB steps, it
was clumsy to manipulate and noisy when switching. Furthermore the
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subject was required to read and note the instrument settings. A
more sophisticated form of attenuator can be envisaged which would
give no indication to the subject but a digital read-out to the
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experimenter. This reading could be punched directly on to paper
tape for computor analysis, upon receipt of a command signal from
the subject.
An actual partition, in addition to attenuation, introduces a
complex pattern of phase changes in relation to frequency, which
was not reproduced in the laboratory simulation. The simulation
may be improved by using a network of speakers in the imaginary
partition plane, and electronically introducing appropriate phase
. . 82
changes to each individual speaker.
As intimated by table 2.1 linear regression analysis was performed
on the blocks of data, following a preliminary graphical analysis
to indicate the order of importance of the independent variables.
A larger scale and more sophisticated form of experiment would
necessitate the use of multi-factorial and possibly curvilinear
regression analysis.
8.3 Possible technical developments.
A number of detailed technical developments, relating to the insertion
of special doors and ceilings in to the CLASP system, have been
described in section 4.5. An additional change, which should
theoretically upgrade the performance of the basic partition, would
be to include some form of absorbent in the cavity. It would also
seem desirable to vary the thickness of plasterboard on alternate
sides of the partition. In practice the gains may only be marginal
and could be largely negated by flanking transmission. The cost of
the partition would inevitably be increased, as would be the number
of partition components required. Nevertheless, in special
circumstances, when the utmost degree of privacy is sought these
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changes may be desirable, with associated measures to reduce the
flanking transmission.
A more fundamental issue arises when further consideration is given
to the use of electronic masking systems, particularly in relation
to the more open form of plan.
In recent years there has been a trend, particularly in health centres
towards this type of plan. An inspection of the Figs 3.1 - 3.3 should
reinforce this point. These three buildings are typical of practically
all others visited, in that no isolating doors are provided between
waiting areas and the corridors which provide access to consulting
rooms. The reason for this is only partly aesthetic. It is evident
from the various publications dealing with medical practice that
doctors themselves attach considerable importance to ease of access;
movement is impeded if double doors are used to establish a physical
sound lock.
The limited potential of conventional electronic masking systems to
increase isolation between consulting rooms has already been discussed
in section 3.4. The objections raised in that section do not
necessarily apply to situations between consulting rooms and access
corridors. In the open plan, the use of loudspeakers with marked
directional properties, located in corridor ceilings in the region of
consulting room access doors, may provide adequate isolation
without the use of double doors.
A further refinement, which may also make such a system suitable
for situations between consulting rooms, would involve the use of a
transducer (either microphone or loudspeaker), to sense the presence
of speech in the consulting room. Loudspeakers, located in adjacent
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rooms and corridors, would then be coupled to an ambient noise
circuit by relays or similar devices. The resultant effect would
be a 'sound blanket' around the critical zone. Providing that the
noise spectrum was carefully shaped and the rate of increase of the
ambient level controlled, it is unlikely that masking noise introduced
in this way would be noticed by the building occupants. The presence
of the partition should minimize problems which might arise due to
acoustic feedback between the transducers.
The alternative approach, of placing other forms of transducer on
the actual wall panels, with the object of driving panels out of
phase, at first sight appears more costly and also less likely to
succeed.
These are of course purely tentative proposals for developments of
a technical nature. Nevertheless the electronic installation in the
Royal Festival Hall has demonstrated, albeit to a limited extent,
the potential of electronically controlled systems to modify the
83
acoustic environment. Further exploration in this field would seem
desirable.
8.4 Implementing and improving the predictive method.
There are two basic approaches to the implementation of building
standards. A precise set of conditions may be laid down, with the
stipulation that the building designer should, or must, comply.
Alternatively, the designer can be trained to analyse the needs of
users, to establish suitable performance standards and to select or
innovate forms of construction as required. This trend in building
regulations and performance standards has emerged in recent years.
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The predictive method of Chapter VI may be used for either purpose.
On the one hand it can be used to delineate one or more sets of
conditions, including both planning and constructional factors,
which, if met, should guarantee an adequate degree of speech privacy.
On the other hand, it is a procedure to alert the designer to the
various facets of the problem and to encourage innovation; at the
same time, it is a control tool to ensure that the innovation
is not irresponsible.
The predictive method may be developed in two ways. The first is by
incorporating the results of more specialized research, relevant to
the various sub-sections, as they become available. The second is
to use statistical decision theory to integrate all aspects.
It would be much easier presumably, for a group of medical
advisors who are formulating a standard, to agree upon the magnitude
of the factor of safety if lack of speech privacy could be expressed
in terms such as frequency of occurrence, e.g. one occasion, involving
several words or part of a conversation overheard, may be acceptable
for every hundred consultations. Simple probability theory might then
be utilized, even at the present state of development of the
predictive method.
The criteria curves of Chapter II are computed as 95% confidence limits
for the mean and may be taken as upper 50% tolerance limits for
individual responses. The insulation values for the CLASP Mk 4B system
quoted in table 4.1 (column 3) at -1 standard deviation effectively
constitute an 84% tolerance limit. Similarly the dBA measure of
noise climate may be considered as a 50% tolerance limit, with the
proviso that the sample is reasonable large and an appropriate
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normalizing procedure is applied. ,,
If these three major variables are treated as empirical independent
probabilities, the multiplicative law of probability suggests a
frequency of occurrence of four privacy failures in every hundred
consultations, or one in twenty five. This would not of course meet
the projected one in one hundred criterion.
Theoretically this particular analysis is only valid for a stationary
listener in a critical listening zone. If the plan form places every
visitor in such a position, it would be necessary to adopt the Lg^
dBA ambient noise level as the masking level when calculating the
insulation required. This would then change the potential frequency of
occurrence to eight times in one thousand and as such would meet the
proposed standard.
More usually however the plan form can be designed to minimize the
probability of the patient waiting in a critical listening zone.
Although no specific data is available a reasonable assumption would
be that in the better plans a patient finds himself in a critical
zone say once in every ten visits. This would mean a potential
frequency of failure of one in two hundred and fifty, again meeting
the tentative standard whilst retaining the masking level for
the purpose of calculation. It would seem desirable therefore, if
statistical decision theory is to be adopted, to obtain ancillary
data regarding the probability of a patient waiting in various
listening zones, in relation to particularly sensitive consultations,










The unit of measurement of sound level, using
frequency weighting network A.
The quantity to be measured is
R' = L - L + 10 log S dB
A
where,
L^ is the average sound pressure level
in the source room;
is the average sound pressure level
in the receiving room;
S is the common surface wall or floor
area between the two rooms;
A is the equivalent absorption area of
the receiving room.
N.B. The transmission loss for field measurements
is designated R'.
Similar measurements, taken under laboratory
conditions (excluding flanking transmission) are
designated as R.
This is the single figure in terms of which the
effective airborne sound insulation performance
is evaluated. (For full definition see ISO R717
1968.)
The decibel scale refers to logarithmic ratios
of sound pressure, the basic unit of pressure
being the dyne per square centimetre. The range
to which the ear responds is very large, namely
from 0.0002 dyn/cm2 (0 dB reference level) to
2 •
approximately 1,000 dyn/cm . The corresponding
decibel range is 0 - 134 dB.





at any point of the scale is a just noticeable
difference and 10 dB roughly corresponds to a
doubling of loudness. Thus 70 dB is twice as
loud as 60 dB, and 60 twice as loud as 50 dB.
In the context of the present study is the
difference between the upper and lower limits of
sound pressure level for a sound source which is
vaying with respect to time, e.g. speech.
Noise has the effect of reducing the acuity of
hearing; that is, it elevates the threshold
of audibility. This shift in threshold of
audibility is called masking. Masking data are
sometimes represented in the form of a curve called
a masking spectrum or audiogram. This shows the
number of decibels at each frequency that the
threshold level of a pure tone is shifted, when
heard by a normal observer in the presence of
masking sounds.
In the present document the term "effective
masking level" refers to the measured dBA L^ level
at which noise with a spectrum similar to the
Noise Rating 25 curve effectively prevents the
articulation of intruding speech.




the amplifying circuits of a sound level meter,
to produce a specified overall electro-acoustic
frequency response which approximates to the human
auditory response. Three such networks are normally
incorporated, designated A, B and C. A is the one
most widely used.
Loudness differs from loudness level, although
they are related logarithmetically. Loudness refers
to the subjective magnitude of a sound as judged
by the normal listener. The unit is the sone. The
loudness level of a given noise is defined as the
sound pressure level of a pure tone at 1,000 Hz
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which appears equal in loudness to the noise
being rated. The unit is the phon.
For methods of calculating loudness see British
Standard 4198:1967.
NOISE RATING Various noise criteria curves have been used
CURVES. to indicate limits to noises in buildings, bearing
in mind the sensitivity of typical room functions.
Three of the most widely used are the Noise
Criterion (N.C. 1957), Noise Rating (N.R. 1965)
and Preferred Noise Criterion (P.N.C. 1971)
curves. These show decibel limits in relation
to frequency bands. A noise is stated to have a
Noise Rating given by the number of the standard
curve which lies just above the frequency spectrum
of the intruding noise when the latter is
plotted on the standard graph paper.
In practice, for traffic noise the dBA criterion
has been found to be just as accurate and simpler
to measure and administer. Frequency analysis
and use of noise rating curves are only required
when the noise spectrum is unusual.
NORMALIZED LEVEL Is used to describe the sound insulation properties
DIFFERENCE. of a partition when measured under field
conditions. The results of measurements are
normalized so that insulation value quoted relates
to a standard amount of absorption in the
receiving room. See B.S. 2750:1956 or ISO R140.1960.
REFERENCE LEVEL. The sound pressure level corresponding to a r.m.s.
sound pressure of 0.0002 dyn/cm2 (= 0 dB).
REFLECTIVE The sound absorption coefficient (0() is defined
SURFACE. as the ratio of the sound energy absorbed by a
surface to the sound energy incident upon that
surface when the sound field is diffuse.
Accordingly £X may take on numerical values
between 0 and 1. In this document the term








with an average sound absorption coefficient
of 0.1 or less.
Is the time required for a specified sound to
die away to one thousandth of its initial
pressure, which corresponds to a drop in sound
pressure level of 60 dB.
Refers to the total sound absorption
characteristics of a room or space. Objects such
as chairs, seats, tables, desks and people
must be included when calculating by
the formula
t_ , = 0.16 V
Sab.
CX Sab.
where t„ , = reverberation time calculated
Sab.
according to Sabine's formula.
V = the total volume of the room
and cX = the sum of all absorption units
in the room.
N.B. The effect of absorption in air is not
significant at speech frequencies, if the room
volume is similar to that of the normal consulting
room, and is not therefore incorporated in the
formula.
A projecting wall or screen which diverts sound
waves which would otherwise be radiating directly
from the source.
Is synonymous with the term isolation when two
spaces are adjacent.
A generic term used in the present document
to describe the overall degree of insulation
between two spaces which may or may not be














An objective noise meter designed to measure
the sound pressure level, with the insertion
of a frequency weighting network if required.
A lobby or similar space with separate entrance
and exit doors and providing a high degree of
sound isolation.
20 log (p/p ) decibels, where p is the r.m.s.
sound pressure, and p is a reference sound
o
pressure, usually 0.0002 dyn/cm2".
Describes the sound insulation properties of a
partition when measured under standardised
laboratory conditions. See B.S. 2750;1956 or
ISO R140. (N.B. In American terminology it is
referred to as the transmission loss.)
A sound may be analysed by filters of octave
or 1/3 octave bandwidth, and the sound pressure
level plotted in decibels for each band. The
resulting graph is referred to as the sound
spectrum, which illustrates the spectral
characteristics of that particular sound.
Is based on the science of speech communication
and rates steady noise according to its ability
to interfere with conversation by taking the
average in decibels of the sound pressure levels
in the octave bands centred on 500, 1000 and
2000 (Hz).
N.B. The original speech interference level (SIL)
was based on the octave bands 600 to 1200,
1200 to 2400, and 2400 to 4800.
A vehicle for conveying sound or electricity
with minimum energy loss.
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APPENDIX II RELATIONSHIP BETWEEN dBA AND ALTERNATIVE METHODS OF
NOISE RATING.
This table is only an approximate guide, as the precise relationships




N.R. L1q L5q Lg() N.P.I. T.N.I.
10 11 21
15 16 26
20 21 34 30 26 39 28
24 25 38 34 30 43 32
29 30 42 38 34 47 36
34 ' 35 45 42 39 49 33
39 40 50 47 44 54 38
44 45 55 52 49 59 43
49 50 60 56 52 65 54
54 55 65 61 57 70 59
59 60 71 66 61 78 71
N.C. - Noise Criterion (1956)
P.N.C. - Preferred Noise Criterion (1971)
N.R. - Noise Rating (1965)
T.N.I. - Traffic Noise Index (1968)
N.P.I. - Noise Pollution Index (1970)
171
APPENDIX III BASIC DATA FOR NOISE CLIMATE ANALYSES AT THE WOODSIDE
AND DUMBARTON HEALTH CENTRES.
L^q, L^q and Lg^ levels, derived by probability
distribution analysis with a sample count of 400, at
0.1 second intervals, each sample extending over 40
seconds.
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9.08 9.16 9.24 9.32 9.40 9.48 9.56 10.00 10.08
38.0 39.0 38.0 38.5 40.0 38.5 39.5 38.5 38.0
41.0 42.0 41.0 42.0 42.5 41.0 42.5 41.5 40.0
46.5 47.5 47.5 47.5 47.5 44.5 49.5 50.0 43.5
10.16 10.24 10.32 10.40 10.48 10.56 11.00 11.08 11.16
38.0 38.5 40.5 38.5 43.0 40.0 39.0 40.0 40.5
40.5 41.5 43.0 41.5 46.5 43.5 41.5 43.0 42.5
44.5 44.5 48.0 44.5 52.0 49.0 45.5 49.0 47.0
11.24 11.32 11.40 11.48 11.56 12.00 12.08 12.16 12.24
40.0 40.5 41.0 39.0 40.5 38.0 40.0 40.5 40.0
44.5 44.5 44.0 43.0 44.5 41.5 44.0 45.0 43.5
48.5 51.0 47.5 48.5 51.5 50.0 48.0 54.0 48.5
12.32 12.40 12.48 12.56 13.00 13.08 13.16 13.24 13.32
39.5 45.0 40.0 38.5 36.0 36.5 38.0 36.5 38.5
44.0 50.5 44.5 42.0 39.5 39.0 41.0 39.5 41.5
51.5 56.0 52.5 49.5 45.0 42.0 47.0 44.0 45.0
13.40 13.48 13.56 14.00 14.08 14.16 14.24 14.32 14.40
38.0 36.0 37.0 36.0 39.0 38.0 38.5 37.0 37.5
40.5 38.5 41.0 41.0 42.0 41.0 43.5 41.0 41.0
50.5 42.0 47.5 47.0 45.0 46.0 50.0 50.0 47.0
TABLE 3.1a W00DSIDE HEALTH CENTRE (Internal microphone).
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Time. 14.48 14.56 15.00
L90 38.0 38.0 38.5
L50 43.5 39.5 41.5
L10 49.0 44.0 45.5
14.24 14.36 14.48 15.00 15.12 15.24
42.5 45.5 43.0 41.0 41.0 41.0
56.0 49.5 46.5 43.5 45.0 44.0
53.0 54.0 51.5 47.0 47.5 48.0
15.36 15.48 16.00 16.12 16.24 16.36 16.48 17.00 17.12
43.0 41.5 42.5 41.0 42.5 40.0 42.5 43.0 45.0
47.5 49.0 48.0 44.0 47.0 44.0 45.5 56.5 49.0
52.0 54.0 52.0 48.0 52.5 49.0 51.5 51.5 53.0
17.24 17.36 17.48 18.00 18.12 18.24 18.36 18.48 19.00
43.5 41.0 43.5 40.0 38.0 38.5 38.5 40.5 37.5
50.5 44.5 48.0 45.0 40.5 42.0 41.5 42.5 39.5
56.5 48.5 52.5 51.0 44.0 54.5 55.0 49.0 45.5
19.12 19.24 19.36 19.48 20.00 20.12 20.24 20.36 20.48
36.0 36.0 51.5 47.0 45.0 43.5 37.5 35.5 35.5
39.0 38.5 53.5 59.0 47.5 46.0 39.5 38.0 36.5
61.0 43.0 56.0 62.0 49.5 48.5 43.0 40.5 60.5
TABLE 3.1a (Continued).
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Time. 21.00 21.12 21.24 21.36 21.48 22.00 22.12 22.14 23.24
L90 35.5 35.5 35.5 35.5 35.5 37.5 36.0 36.5 35.5
L50 36.5 37.0 36.5 36.5 37.0 39.5 38.5 39.5 36.5
lIO 37.5 39.5 38.0 39.0 40.0 45.0 40.0 44.0 40.0
23.36 23.38 00.00 00.12 00.24
34.0 34.0 33.5 33.0 33.5
36.0 36.0 35.5 35.5 36.0
37.0 37.5 37.0 37.0 37.0
11.12 11.24 11.36 11.48
39.0 39.5 36.5 39.5
47.5 43.0 40.5 42.5
57.5 47.5 46.5 47.0
12.00 12.12 12.24 12.36 12.48 13.00 13.12 13.24 13.36
38.5 37.5 41.0 39.5 37.5 38.0 36.0 39.0 38.0
41.5 40.5 45.5 44.0 40.0 41.5 39.0 42.5 41.0
46.5 45.0 51.5 50.0 44.5 50.0 44.5 51.5 46.0
13.48 14.00 14.12 14.24 14.36 14.48 15.00 15.12 15.24
37.5 36.0 36.0 37.5 38.0 36.5 37.5 38.0 39.5
40.0 38.5 38.5 40.0 40.5 39.0 40.0 40.0 45.0
44.5 42.5 41.5 60.5 50.0 42.5 44.0 44.5 59.0
TABLE 3.1a (Continued).
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Time 15.36 15.48 16.00 16.12 16.24 16.36 16.48 18.00 18.12
L90 40.5 36.5 38.5 39.5 38.5 39.0 38.5 40.5 40.5
L50 45.5 42.0 41.5 41.5 41.0 42.5 42.0 43.0 43.5





9.00 9.12 9.24 9.36 9.48 10.00
35.5 35.5 35.5 35.5 38.0 38.5
37.5 38.0 37.0 36.5 42.5 41.0
41.0 39.5 59.0 39.0 52.0 44.5
10.12 10.24 10.36 10.48 11.00 11.12 11.24 11.36 11.48
38.0 39.5 38.5 38.5 38.5 37.5 39.5 41.5 42.5
39.5 43.0 40.5 41.0 41.5 40.0 43.5 50.0 48.0
42.5 46.5 44.5 44.0 45.5 44.5 52.0 61.0 55.0
12.00 12.12 12.24 12.36 12.48 13.00 13.12 13.24 13.36
38.0 40.0 38.0 39.5 38.0 38.5 39.5 40.5 38.5
41.5 44.0 40.0 44.5 41.5 41.5 43.5 45.0 41.0
49.0 49.0 45.0 52.0 46.0 47.0 49.5 52.5 44.5
TABLE 3.1a (Continued).
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Time. 13.48 14.00 14.12 14.24 14.36 14.48 15.00 15.12 15.24
L90 39.5 38.5 39.0 36.5 38.0 36.0 37.5 35.5 38.5
L50 43.5 42.0 44.0 40.0 41.5 38.5 40.0 38.0 43.0







9.08 9.16 9.24 9.32 9.40 9.48 9.56 10.00 10.08
61.0 58.5 60.0 59.5 60.0 62.0 58.5 56.5 61.0
66.0 64.0 63.0 65.0 63.5 66.0 62.0 60.5 63.5
69.5 68.5 69.0 70.5 67.5 68.5 68.0 67.5 66.0
10.16 10.24 10.32 10.40 10.48 10.56 11.00 11.08 11.16
63.5 64.5 64.5 57.0 59.0 62.0 60.0 63.5 62.5
67.0 67.5 70.0 60.0 61.5 65.5 64.5 66.0 65.5
71.5 71.0 73.0 74.0 65.5 69.5 68.5 69.5 68.5
11.24 11.32 11.40 11.48 11.56 12.00 12.08 12.16 12.24
61.5 59.0 60.0 58.5 59.5 58.5 59.5 63.0 63.0
65.5 62.5 63.5 61.0 63.0 62.0 63.5 65.5 66.5













13.40 13.48 13.56 14.00 14.08 14.16 14.24 14.32 14.40
63.0 59.5 59.0 59.5 53.0 63.5 57.0 60.5 37.5
66.5 63.0 62.0 64.0 57.0 67.0 61.5 65.5 64.0
70.5 78.0 79.0 68.5 62.0 70.0 66.5 69.5 69.0
TABLE 3.1b W00DSIDE HEALTH CENTRE (External microphone).
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Time. 14.48 14.56 15.00
L90 58.5 62.0 58.0
L50 63.0 65.0 61.5
L10 68.5 67.5 66.5
14.24 14.36 14.48 15.00 15.12 15.24
53.05 55.5 58.0 58.5 55.0 58.0
57.0 62.5 50.5 62.0 59.5 60.5
60.5 67.5 65.5 65.5 63.0 64.0
15.36 15.48 16.00 16.12 16.24 16.36 16.48 17.00 17.12
54.0 55.0 55.5 57.0 58.5 54.0 57.0 59.0 60.5
59.5 60.0 59.0 60.0 61.5 60.5 60.0 61.5 62.5
64.0 65.0 71.5 63.0 64.5 64.5 63.0 64.5 65.0
17.24 17.36 17.48 18.00 18.12 18.24 18.36 18.48 19.00
58.5 55.5 56.0 51.5 56.5 52.0 59.0 53.0 49.0
62.5 69.0 60.0 58.0 62.0 57.0 62.5 60.5 52.0
66.5 67.5 65.0 61.5 65.0 63.5 65.5 65.0 60.0
19.12 19.24 19.36 19.48 20.00 20.12 20.24 20.36 20.48
53.5 52.5 51.5 49.5 47.0 49.0 54.5 53.5 48.5
59.0 58.5 57.0 54.0 50.0 51.0 59.0 59.0 51.0
62.5 62.0 62.5 60.5 53.5 54.5 63.0 63.5 57.0
TABLE 3.1b (Continued).
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46.5 52.0 50.0 36.0 47.0 59.0 55.5 56.0 49.5
49.0 56.0 55.5 43.5 54.5 61.0 59.5 60.0 53.5
56.5 61.0 60.5 49.0 60.0 65.0 63.5 64.0 59.5





























12.00 12.12 12.24 12.36 12.48 13.00 13.12 13.24 13.36
59.5 56.0 60.5 58.0 58.0 61.5 59.5 60.0 61.0
60.5 60.5 63.0 62.5 61.0 64.0 62.5 63.0 64.5
65.0 64.5 67.0 68.0 65.5 68.0 65.5 67.0 68.0
13.48 14.00 14.12 14.24 14.36 14.48 15.00 15.12 15.24
51.5 57.0 50.0 61.0 51.0 67.0 67.0 55.5 51.5
62.0 61.0 61.0 63.0 62.5 60.0 63.5 50.5 63.0
65.0 65.0 64.5 65.5 66.0 65.5 66.5 64.5 68.5
TABLE 3.1b (Continued).
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Time. 15.36 15.48 16.00 16.12 16.24 16.36 16.48 18.00 18.12
L90 56.5 55.0 59.0 61.0 58.0 58.0 57.0 63.5 59.0
L50 60.0 50.0 63.5 62.5 63.0 62.5 61.5 66.5 62.0





9.00 9.12 9.24 9.36 9.48 10.00
57.5 56.5 51.0 57.0 56.5 59.5
61.5 61.0 64.0 60.5 59.0 62.5
65.5 65.5 57.0 66 .0 64.5 66.0
10.12 10.24 10.36 10.48 11.00 11.12 11.24 11.36 11.48
62.0 59.5 64.0 59.5 61.5 58.5 55.0 59.0 57.5
64.5 62.5 66.5 63.5 64.5 61.0 61.5 62.0 61.0
67.5 66.0 70.0 67.5 67.5 66.0 66.5 66.0 63.5
12.00 12.12 12.24 12.36 12.48 13.00 13.12 13.24 13.36
58.5 64.0 59.0 57.0 59.0 57.0 57.5 56.5 56.5
60.5 66.5 61.5 61.5 61.5 61.0 61.0 59.5 59.0
65.0 69.0 66.0 65.5 66.5 67.0 64.5 64.0 63.5
TABLE 3.1b (Continued).
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60.0 60.0 56.0 56.5 58.0 63.0 60.5 57.5 56.0
63.5 62.5 61.0 60.5 61.0 66.0 63.5 62.5 62.5





























































































































Station No 1. Station No 2.






































































































































Station No 1A Station No 2A
TABLE 3.2b DUMBARTON HEALTH CENTRE (Various locations in consulting












































Station No 3A Station No 4A
TABLE 3.2b (Continued)
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Station No 5A Station No 6A
TABLE 3.2b (Continued)
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APPENDIX IV CONSTRUCTIONAL DETAILS.
N.B. All drawings are contained in the pocket inside
the rear outer cover.
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PAISLEY SOUND TEST MOCK-UP: CLASP MK 5 - DESCRIPTION OF WORK TO
GROUND FLOOR ROOMS FOR SUSPENDED CEILING AND INTERCOMMUNICATING
DOOR TESTS.
For test No 1.
Remove p.v.c. sheeting and screed as far back from partitions as
first welded joint. Also coved skirting as necessary.
Leave sub-floor suitable suitable to take 3mm minimum Laytex Screed
overlaid with 2mm thermoplastic tile 'A.V.' Range. To be laid by
Messrs. Dunlop Semtex. Provide Laytex fillet (or similar protection)
at junction of 2 floor levels. Scribed hardwood bead, set in mastic
over full height of partition between partition and external door
frame.
Fix Dunlop Semtex hospital coved skirting as before, to relaid floor
areas. Disconnect temporarily surface mounted light fittings. Remove
existing ceiling tiles, leaving suspension system intact if
possible. Remove existing ceiling tiles, leaving suspension system
intact if possible. Remove existing plasterboard plenum barrier.
(Tiles and existing plenum barrier will not be required for re-use.)
Lay 50mm insulation quilt and insert new Minaboard tiles.
For test No 2.
Disconnect light fittings. Remove ceiling tiles and insulation
adjacent to partition. Dismantle suspension system in same area.
Fix plasterboard plenum barrier (specification to be as Technical
Bulletin No. 25 and fixing as drawing No. 2 - One only 50 x 50mm
angle at head and foot. Ensure no joint occurs over length of
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future door opening). Replace suspension members, tiles and
insulation, ensuring continuity of insulation over ceiling and up
plenum barrier. Re-locate light fittings.
For test No. 3.
Cut back skirting at 600mm and 900mm wide partition panels. Remove
any ceiling perimeter trim fixings over this run of partition.
Prise out lockrod between panels and carefully remove panels and
stud. (Panels and stud to be replaced later.) Remove ceiling tiles
adjacent to partition at removed panels. Cut out top and bottom
track channels where panels removed. Leave plenum barrier intact.
Re-arrange partition braces as necessary to maintain rigidity
of top channel. Locate new partition casings. Include cut and patch
to floor where casing fixing brackets occur.
Lay flooring as before in partition openings now formed. Instal
CLASP door set as indicated on drawing Nos. 3A and 3B and CLASP
standards drawings, including bracing support at head. Include
plaster scrim at junction of door head with plasterboard plenum
barrier. Return skirting into door ingo and make good adjacent to
door frame where cut back to remove panels.
Fix ceiling trim at new ingo and insert tiles cut to suit. Ensure
continuity of insulation quilt is maintained.
For test No. 4.
Remove skirting at ingo. Take down ceiling tiles adjacent to door
to allow an additional CLASP door frame and hardwood sub-frame to
be included. Details as indicated on drawings Nos. 4A and 4B.
Include bracing support for new frame. Replace standard door leaf
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with j hour fire door as indicated. Replace ceiling tiles ensuring
insulation correctly located as before.
For test No. 5.
Hang second | hour fire door with all door sealing arrangements as
first 5 hour door. Insert single special built-up panel in fanlight
of second door set on the outside face. See Drawings Nos. 5A and 5B.
For test No. 6.
Remove single special built-up panel from fanlight of second door
set and leave vacant. Line this panel on the plasterboard side with
sheet lead approximately 1.6mm thick and exchange same with the
outside fanlight panel on the first | hour door side. Remove first
and second { hour fire doors each with 1 pair hinges and replace with
Muirhead's 1 hour fire door mounted on 1\ pair special steel hinges.
Fit a set of Neoprene seals as indicated on Drawing No. 6 transferred
from one of the \ hour fire doors.
Note - Latch set and level handles to be fitted to all door leaves.
For test No. 7.
Disconnect light fittings. Take down entire suspended ceiling system
except perimeter trim. Remove perimeter trim fixings to door frames
and partition casings. Remove plenum barrier, door frames and
partition casings. Cut out section of flooring laid prior to Test No. 3
and re-locate track channel sections previously removed (timber plate
to bolt replaced sections to existing). Re-locate 600mm and 900mm
panels and stud with new lockrods. Fix perimeter trim back to panels.
Include re-fixing of partition braces after removal of door frames
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and re-location of panels. Make good skirting (and floor screed if
necessary). Fix 'Asbestolux' planks to rigid suspension system,
see Drawing No 7. Include insulation and light fitting location as
before. Re-use bulkhead insulation over partition as indicated to
give continuity to quilt.
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APPENDIX V INSTRUMENTATION AND DETAILS OF MEASUREMENT PROCEDURES.
N.B. Unless otherwise stated, type numbers given
in brackets apply to equipment supplied by
Bruel and Kjaer.
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Va. Noise climate analysis.
A twin channel Revox recorder was used for the semi-permanent
installation at the Woodside health centre. This recorder was fitted
with a standard form of programmable time switch.
An external type microphone installation was fitted on a temporary
roof mast. The internal microphone (4133) was powered by an independant
supply unit (2801).
A Nagra 4B tape recorder was coupled to a portable sound level
meter (2203), for all noise recordings in the Dumbarton health centre.
Tape recordings were subsequently analysed by means of an audio
frequency spectrometer (2112), used in conjunction with a graphic
level recorder (2305) and statistical distribution analyser (4420).
Vb. Sound insulation measurements.
The procedure adopted was to position matched microphones, type 4133
on either side of the partition. A microphone selector unit (4408)
was employed to feed alternative signal levels to the audio spectrometer
and graphic level recorder.
Three microphone positions were used on the noise input side of the
partition and five on the receiving side. The positions were chosen
a) to be clear of direct radiation from the loudspeakers and b) to
be a minimum of 4 feet from any wall surface.
The noise input was obtained from a random noise generator (1402) and
fed through a band-pass filter set (1612) and twin channel amplifier
to two loudspeakers, each with a power capacity of 40 watts. The
loudspeakers were pointing away from the test partition and positioned
approximately 4 feet from opposite corners of the source room.
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Vc. Reverberation measurements.
A starting pistol was used as a noise source. Five recordings were
made at random positions in each room.
The Nagra recorder was used for all tape recordings and the tape
was subsequently analysed at either octave or 1/3 octave frequency
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This result was disappointing, even though the asbestos
plank ceiling was considerably heavier than the fibreboard
version. The asbestos ceiling also increased the reverberation
time of the room considerably (see Fig 5.7).
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APPENDIX IVa JUNCTION OF PARTITION AND PLENUM CARRIER (Plenum barrier
removed for Test Bi; fitted for Tdst B2).
DRAWING NO. 2. SCALE 1;10
Boarded floor deck on
timber bearers ahd joists.
Plenum barrier formed with





two skins of plastic




APPENDIX IVa SECTION THROUGH CLASP MK 4B PARTITION AND PLENUM BARRIER,
AS IN FIELD TESTS, SERIES NOS. Al-8.



























APPENDIX IVa SECTION THROUGH STANDARD CLASP DOORSET. TEST B3 .
DRAWING NO. 3B. SCALE 1:2.5








APPENDIX IVa PLAN OF SPECIAL FRAME INCORPORATING A SINGLE l2 HOUR























APPENDIX IVa SECTION SHOWING SPECIAL FRAME DETAIL INCORPORATING ONE
| HOUR FIRE DOOR. TEST B4. DRAWING NO. 4B. SCALE 1:2.5
APPENDIX IVa PLAN OF SPECIAL FRAME INCORPORATING DOUBLE { HOUR FIRE
DOORS. TEST B5. DRAWING NO. 5A. SCALE 1:2.5
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APPENDIX IVa DETAILS OF SPECIAL FRAME ASSEMBLY INCORPORATING DOUBLE
l2 HOUR FIRE DOORS. TEST B5.






















j in extruded aluminium
,[ section, with
i aluminium threshold.
APPENDIX IVa SECTION THROUGH SPECIAL FRAME INCORPORATING A 1 HOUR
FIRE DOOR. TEST B6. DRAWING NO. 6. SCALE 1:2.5
25mmx1mgauge.
APPENDIXIVaSECTIONJUNCTIOOFSBEST SPLA KC ILINGTOPARTI N.B7. DRAWINGNO.7.SCALE1:2 5
"APPENDIX IVa LOCATION OF TEST NO. A1.
ROSS HIGH SCHOOL, TRANENT. SCALE 3/16" = 1'.
Central Corridor
APPENDIX IVa LOCATION OF TEST NO. A2.
ROSS HIGH SCHOOL, TRANENT. SCALE 3/16" = 1'.
APPENDIX IVa LOCATION OF TEST NO. A3.
ROSS HIGH SCHOOL, TRANENT. SCALE 3/16" = 1'.
Central Corridor
APPENDIX IVa LOCATION OF TESTS NOS. A4 AND 5.




LOCATION OF TEST NO A6.
HADDINGTON. SCALE 3/16"= 1'.
HEALTH CENTRE - DUMBARTON









'APPENDIX IVa LOCATION OF TESTS NOS. A7 AND 8.
HEALTH CENTRE, DUMBARTON. SCALE 3/16"= V .
OUTPATIENT DEPARTMENT - FALKIRK ROYAL INFIRMARY












APPENDIX IVa TYPICAL CONSULTING ROOM SUITE USED FOR TEST SERIES C.






APPENDIX IVa DENTAL SUITE USED FOR TEST SERIES C.
OUTPATIENT DEPARTMENT, FALKIRK ROYAL INFIRMARY. SCALE 3/16" = 1 I
BLOCK PLAN SHOWING GENERAL SURROUNDINGS.
